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PREFACE 


The  International  Library  of  Technology  is  the  outgrowth 
of  a  large  and  increasing  demand  that  has  arisen  for  the 
Reference  Libraries  of  the  Internatianal .  Cocrespnndence 
Schools  on  the  part  of  those  wH(irihe\a0t  st\\dfent^-*o£  the 
Schools.  As  the  volumes  composii(54;hf»*  Library  are  all 
printed  from  the  same  plates  used  in  ^rv)ij[{gjthfe  Reference 
Libraries  above  mentioned,  a  fe^  Jiicords  arc^.tje^essary 
regarding  the  scope  and  purpose  of  %he»i«^tYac;tiDCi  an  parted 
to  the  students  of — and  the  class  of  students  taught  by — 
these  Schools,  in  order  to  afford  a  clear  understanding  of 
their  salient  and  unique  features. 

The  only  requirement  for  admission  to  any  of  the  courses 
offered  by  the  International  Correspondence  Schools,  is  that 
the  applicant  shall  be  able  to  read  the  English  language  and 
to  write  it  sufficiently  well  to  make  his  written  answers  to 
the  questions  asked  him  intelligible.  Each  course  is  com- 
plete in  itself,  and  no  textbooks  are  required  other  than 
those  prepared  by  the  Schools  for  the  particular  course 
selected.  The  students  themselves  are  from  every  class, 
trade,  and  profession  and  from  every  country;  they  are, 
almost  without  exception,  busily  engaged  in  some  vocation, 
and  can  spare  but  little  time  for  study,  and  that  usually 
outside  of  their  regular  working  hours.  The  information 
desired  is  such  as  can  be  immediately  applied  in  practice,  so 
that  the  student  may  be  enabled  to  exchange  his  present 
vocation  for  a  more  congenial  one,  or  to  rise  to  a  higher  level 
in  the  one  he  now  pursues.  Furthermore,  he  wishes  to 
obtain  a  good  working  knowledge  of  the  subjects  treated  in 
the  shortest  time  and  in  the  most  direct  manner  possible. 
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In  meeting  these  requirements,  we  have  produced  a  set  of 
books  that  in  many  respects,  iind  particularly  in  the  general 
plan  followed,  are  absolutely  unique.  In  the  majority  of 
subjects  treated  the  knowledge  of  mathematics  required  is 
limited  to  th^  simplest  principles  of  arithmetic  and  mensu- 
ration, and  in  no  case  is  any  greater  knowledge  of  mathe- 
matics needed  than  the  simplest  elementary  principles  of 
algebra,  geometry,  and  trigonometry,  with  a  thorough, 
practical  acquaintance  with  the  use  of  the  logarithmic  table. 
To  effect  this  result,  derivations  of  rules  and  formulas  are 
omitted,  but  thorough  and  complete  instructions  are  given 
regarding  hQ^^L  .wl;ien,.*uvi  under  what  circumstances  anv 
partpcjiU^tf  rUte,  fOTtoJuJJ^tC)!  process  should  be  applied;  and 
whenever.possilJ^pnc.<)r  more  examples,  such  as  would  be 
likely  to  ^i5Ce^fir^[ac;t^iiaJ  practice — together  with  their  solu- 
tions— ^rje.gi\;"en»tp;!lliistrate  and  explain  its  applic^ition. 

In  prppAfijT^  .th>a»«3ES  .Uxtbooks,  it  has  been  our  constant 
endeavor  to  view  the  matter  from  the  student's  standpoint, 
and  to  try  and  anticipate  everything  that  would  cause  him 
trouble.  The  utmost  pains  have  been  taken  to  avoid  and 
correct  any  and  all  ambiguous  expressions — both  those  due 
to  faulty  rhetoric  and  those  due  to  insufficiency  of  statement 
or  explanation.  As  the  best  way  to  make  a  statement, 
explanation,  or  description  clear  is  to  give  a  picture  or  a 
diagram  in  connection  with  it,  illustrations  have  been  used 
almost  without  limit.  The  illustrations  have  in  all  cases 
been  adapted  to  the  requirements  of  the  text,  and  projec- 
tions and  sections  or  outline,  partially  shaded,  or  full-shaded 
perspectives  have  been  used,  according  to  which  will  best 
produce  the  desired  results.  Half-tones  have  been  used 
rather  sparingly,  except  in  those  cases  where  the  general 
effect  is  desired  rather  than  the  actual  details. 

It  is  obvious  that  bookfi  prepared  along  the  lines  men- 
tioned must  not  only  be  clear  and  concise  beyond  anything 
heretofore  attempted,  but  they  must  also  possess  unequaled 
value  for  referen(^e  purposes.  They  not  only  give  the  maxi- 
mum of  information  in  a  minimum  space,  but  this  infor- 
mation is  so  ingeniously  arranged  and  correlated,  and  the 
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indexes  are  so  full  and  complete,  that  it  can  at  once  be 
made  available  to  the  reader.  The  numerous  examples  and 
explanatory  remarks,  together  with  the  absence  of  long 
demonstrations  and  abstruse  mathematical  calculations,  are 
of  great  assistance  in  helping  one  to  select  the  proper  for- 
mula, method,  or  process  and  in  teaching  him  how  and 
when  it  should  be  used. 

This  volume  treats  on  the  subjects  of  pipes  and  fittings, 
steam-fitting  accessories,  radiators  and  coils,  heating  and 
power  boilers,  boiler  fittings,  principles  of  heating,  and 
principles  of  ventilation.  The  subject  of  heating  and  ven- 
tilation, as  embraced  in  the  foregoing,  was  written  from  the 
heating  engineer's  point  of  view,,  and  the^  treatment  is 
thoroughly  practical.  In  describing :  ard  ^llustrH&phg  the 
different  apparatus,  we  have  endcjtvored  tg  select  such 
devices  as  are  most  suitable  to  illustrate  certain  principles 
of  construction.  In  this  way,  the : pririGiples  underlying  the 
construction  and  operation  of  the  ftuttreroiis  kinds  of  appara- 
tus used  in  the  heating  trade  can  easily  be  understood 
through  a  knowledge  of  those  described  and  illustrated  in 
these  books.  The  volume  is  particularly  valuable  to  archi- 
tects, architectural  draftsmen,  building  superintendents, 
heating  engineers,,  and  journeymen  steam  fitters,  and 
helpers. 

The  method  of  numbering  the  pages,  cuts,  articles,  etc.  is 
such  that  each  subject  or  part,  when  the  subject  is  divided 
into  two  or  more  parts,  is  complete  in  itself;  hence,  in  order 
to  make  the  index  intelligible,  it  was  necessary  to  give  each 
subject  or  part  a  number.  This  number  is  placed  at  the  top 
of  each  page,  on  the  headline,  opposite  the  page  number; 
and  to  distinguish  it  frorti  the  page  number  it  is  preceded  by 
the  printer's  section  mark  (§).  Consequently,  a  reference 
such  as  §  16,  page  26,  will  be  readily  found  by  looking  along 
the  inside  edges  of  the  headlines  until  8  16  is  found,  and 
then  through  §  16  until  page  26  is  found. 
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PIPES  AND  FITTINGS 


PERES 


WROUGIIT-IRON   PIPE 


INTRODUCTION 

!•  In  the  erection  of  steam-heating  apparatus,  pipes  and 
various  fittings  having  a  shape  suitable  for  the  requirements 
are  used.  The  fittings  are  made  of  cast  iron,  brass,  malle- . 
able  iron,  and  steel  castings,  tapi)ed  or  otherwise  finished 
to  connect  the  pipes  together.  The  pipes  used  in  most  of 
the  work  are  of  wrought  iron  or  steel. 

2,  For  connecting  pipes  to  the  fittings,  screw  threads 
are  generally  used.  These  threads  have  a  standard  number 
of  threads  to  the  inch  for  different  sizes  of  wrought-iron  and 
steel  pipe,  and  the  fittings  are  tapped  with  threads  to  suit 
the  thread  of  the  pipe.  The  threads  are  made  with  a  slight 
taper,  the  thread  in  cutting  starting  with  a  small  groove, 
increasing  in  depth  until  a  full  thread  is  cut.  They  are 
usually  made  right  hand;  that  is,  the  pipe  in  screwing  into 
the  fitting  is  turned  to  the  right.  I^eft-hand  threads  are 
also  used  on  pii)e  and  in  fittings;  in  buying  pipe,  the  left- 
hand  thread  must  be  specially  ordered,  as  the  regular  pipe 
on  the  market  is  threaded  only  right  hand. 

For  notice  of  copyright,  see  pajje  immediately  following  the  title  page. 
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STAXDAIin  WllOlTGIIT-IUON   PIPE 

3.  Standard  ^vrou^ht-i roil  pipe  is  made  in  the  sizes 
and  weights  shown  in  Table  I.  A  large  amount  of  steel 
pipe  is  made,  and  sometimes  sold  as  wrought-iron  pipe.  Its 
general  appearance  is  the  same  as  that  of  wrought-iron  pipe, 
but  on  close  examination  the  grain  of  the  metal  will  show  a 
finer  fiber  than  wrought  iron.  Steel  pipe  can  also  be  distin- 
guished by  threading  it  with  the  dies,  as  the  closer  grain  and 
tendency  to  unevcnness  in  its  composition  cause  the  threads 
to  chip  and  break,  while  the  wrought-iron  pipe  has  a  malle- 
ability that  allows  perfect  threading.  The  pipe  is  sold  in 
lengths  averaging  about  18  to  20  feet.  The  small  sizes  are 
shipped  in  bundles  convenient  for  handling.  All  pipe  from 
I  inch  to  H  inches  nominal  diameter  is  butt-welded,  and  all 
pipes  H  inches  in  diameter  and  larger  are  lap-welded.  The 
standard  weight  pipe  is  tested  by  hydraulic  pressure  to 
300  pounds  per  square  inch  for  the  butt-welded  sizes,  and 
to  500  pounds  pressure  for  the  lap-welded  sizes.  The  safe- 
working  pressure  for  standard  pipe  is  about  100  pounds  per 
square  inch;  this  allows  a  fair  margin  of  safety  to.  provide 
for  deterioration  of  the  structure  of  the  metal,  by  expan- 
sion and  contraction,  and  for  corrosion. 


EXTRA-STROXG   WUOl'GHT-IUON  PIPE 

4.  Extra-Strong:  wrou^Ut-iron  pipe  has  the  same 
external  dimensions  as  the  standard  pipe ;  the  wall  of  the  pipe 
is  made  heavier,  which  reduces  the  size  of  the  bore.  This 
should  be  taken  into  account  where  pipe  of  a  stated  size  is 
required.  Extra-strong  pipe  is  always  shipped  without 
threads  or  couplings,  unless  otherwise  ordered.  This  pipe 
is  used  for  high  steam  pressures  and  for  heavy  pressures  in 
hydraulic  work.     Its  sizes  and  weights  are  given  in  Table  II. 


I>OUBI^E   EXTRA-STHONC;    AVItOl'CiHT-IKON    PIPK 

5.  Double  ex ti-a -strong  wiim^ht-lroii  j>Ijm»  has  a 
thicker  wall  than  extra-ln-avy  tubing.  Its  ext<!rnal  diam- 
eter, however,  is  the  same  as  that  of  standard  wrought-iron 
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pipe.  Double  extra-strong  pipe  is  always  shipped  without 
threads  and  couplings  unless  otherwise  ordered.  Its  sizes 
and  weights  are  given  in  Table  III. 


BOILER  TUBES 

6.  Boiler  tubes,  sometimes  called  outside-diameter 
pipes,  are  usually  made  of  charcoal  iron ;  they  are  lap-welded 
and  have  a  high  tensile  strength  coupled  with  a  ductility 
that  enables  the  ends  of  the  tubes  to  be  expanded  into  the 
boiler  plates,  such  as  the  crown  sheets  and  tube  sheets,  and 
beaded  over.  Steel  boiler  tubes  are  made  to  the  same 
dimensions;  formerly  the  wrought-iron  tubes  gave  better 
results,  as  the  average  steel  tube  was  liable  to  contain  carbon 
patches  that  soon  rusted  and  thus  caused  the  tubes  to  pit, 
especially  if  vegetable  oils  were  used  for  the  lubrication  of 
engines  whose  water  of  condensation  is  used  for  feeding  the 
boiler.  To-day,  however,  due  to  improved  processes  of 
manufacture,  solid-drawn  seamless  steel  boiler  tubes  are 
decidedly  superior  to  wrought-iron  boiler  tubes,  possessing 
just  as  much  ductility  and  having  greater  tensile  strength. 
The  sizes  of  boiler  tubes  are  given  in  Table  IV.  For  loco- 
motive work,  boiler  tubes  are  made  one  gauge  heavier  than 
given  in  the  table. 

7.  Lap-welded  seiiilsteel  tubes  are  manufactured  ex- 
pressly for  locomotive  work,  and  hence  need  not  be  consid- 
ered here. 


GAT.VANIZED-IUON   PIPE 

8.  The  K«l van Ized- Iron  plj>e  used  in  steam  heating  in 
the  smaller  sizes  is  the  regular  standard  wrought-iron  pipe 
coated  inside  and  outside  with  a  covering  of  zinc  in  an  elec- 
tric bath.  It  has  the  same  dimensions  as  standard  black 
pipr.  Galvanized  pipe  is  sometimes  used  in  steam-fitting 
work  for  (exhaust  and  va|)or  pi|)es,  drip  [)i|)es,  etc.  exposed 
to  the  outer   atmosphere.      It  is  also  used  in  underground 
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Nominal 
Weight 
Per  Foot. 
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work  where  the  ground  is  moist,  the  coating  of  zinc  pre- 
venting rapid  rusting.  The  larger  sizes,  where  but  little 
pressure  is  carried,  are  made  of  a  lighter  and  cheaper  mate- 
rial, such  as  galvanized  sheet  iron  built  in  the  form  of  pipe. 


SPTRAT^    RIVICTED    PIPE 

9.  The  spiral  riveted  pipe  is  made  of  sheets  of  black 
wrought  iron,  of  certain  wire-gauge  thickness,  split  up  into 
ribbons  or  narrow  strips,  and  passed  over  a  system  of  rollers 
that  roll  it  into  the  required  shape,  which  is  shown  in  Fig.  1. 


Fig.  1 

The  edj.(cs  lapping  over  each  other  are  riveted  together  by 
a  riveting  machine  over  a  mandrel.  The  lengths  must  be 
made  to  measure,  and  are  fitted  at  the  ends  with  cast-iron 
flanges,  drilled  to  suit  other  flanges,  or  a  templet.  The  sec- 
tions can  thus  be  bolted  together.  The  pipe  is  placed  in  an 
electric  bath,  and  a  coating  of-  zinc  deposited  over  it,  which 
makes  the  riveted  joint  absolutely  tight.  The  sizes  are 
given  in  Table  V. 

The  safe-working  pressure  of  this  pipe  is  considered  to 
be  one-third  of  the  bursting  pressure.  These  pipes  are 
tested  U)  a  pressure  of  150  pounds  per  square  inch.  They 
are  furnished  in  lengths  to  order  up  to  20  feet.. 

The  thicknesses  represented  by  the  Birmingham  wire- 
gauge  numbers  appearing  in  Table  V  are  as  follows: 
No.  20,  .o:{5  inch;  No.  18,  .041>  inch;  No.  JO,  .005  inch; 
No.  U,  .Os:j  inch;  No.  12,  .109  inch. 
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SPIllAL-RIVETED   FLANGED   PRESSURE   PIPE,    DOUBLE 
GALVANIZED 


Diameter 

Weight 
Including 

Bursting 
Pressure 

Size. 

of 

Thickness, 

Flanges 

Per 

Inches 

Flanges. 

B.  W.  G. 

Per  Foot. 

Square  Inch. 

Inches 

Pounds 

Pounds 

3 

6 

No.  20 

H 

900 

4 

7 

No.  20 

3 

700 

5 

8 

No.  20 

4 

550 

6 

9 

No.  18 

5 

700 

7 

lO 

No.  18 

6 

600 

8 

II 

No.  18 

7 

500 

9 

^3 

No.  18 

8 

450 

IC 

H 

No.  16 

II 

500 

II 

15 

No.  16 

12 

450 

12 

16 

No.  16 

14 

400 

13 

'7 

No.  16 

15 

380 

14 

18 

No.  14 

20 

470 

'5 

19 

No.  14 

22 

450 

i6 

2ii 

No.  14 

24 

400 

i8 

23} 

No.  14 

29 

370 

20 

25i 

No.  14 

34 

325 

22 

28| 

No.  12 

40 

365 

24 

1 

30 

No.  12 

50 

335 

FLAXCiKD    WR(>r(;HT-IRON    PIPE 

10.  FlanpTiMl  Avroiijrht-lron  pipe  can  be  made  with 
forged  flanges  welded  on,  as  shown  by  the  end  view  and 
section  in  V\^.  *Z.  Tlie  Icnp^ths  are  made  to  suit  conditions. 
As  screw   joints   cut    into   the   pipe   and    thus  reduce  the 
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strength,  the  pipe  with  forged  flanges  will  stand  a  greater 
pressure  and  hence  can  be  lighter  in 
weight  for  the  same  pressure  than 
ordinary  pipe.  By  the  use  of  these 
welded  flanges,  a  large  amount  of 
the  hand  labor  in  erecting  can  be 
saved.  Table  VI,  known  as  the 
Master  Steam-Fitters*  Standard,  is 
adopted  for  these  flanges.  The 
letters  A,  /i,  C,  D,  and  E  heading 

It*-- c ->j    the  first  five  columns  relate  to  the 

Ti  r      dimensions  shown  by  the  same  let- 

ters in  Fig.  2. 

11.  Pipe  up  to  16  inches  can  be 
fitted  with  flanges  screwed  on,  but 
above  IG  inches  the  flanges  are  usu- 
ally fastened  to  the  pipe  by  rivets 
passing  through  a  boss  of  the  flange, 
as  in  Fig.  1.  Sometimes  the  flange  is  fastened  by  expand- 
ing and  peening  the  pipe  into  a  recess  formed  in  the  flange. 


KIG.  2 


CAST-IRON    PIPE 

12.  In  some  manufacturing  plants  it  is  advisable  to  use 
cast  iron  instead  of  wrought  iron  for  main  steam  pipes  and 
branches,  especially  where  acids  are  used,  or  where  the  pipes 


Fig.  3 


must  be  placed  unprotected  in  the  ground.  It  is  also  good 
practice  to  use  cast  iron  for  return  mains  where  water  is 
us(*d  that  contains  snli)hur  or  any  other  substance  tending 
to  rapidly  corrode  wrought  iron.     A  length  of  cast-iron  pipe 
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MASTER  STEAM-FITTERS'  STANDARD  FOR  WEIiDBD 
FLANOES 


Num- 

Size 

Weight 
of  Pair  of 

A 

^ 

c 

Z> 

£• 

ber  of 
Bolts 

of 
Bolts 

Flanges 
Finished. 

Pounds 

6| 

i 

11 

4 

9i 

8 

1 

45 

7f 

tV 

I2J 

lA 

loi 

8 

i 

56 

8 

tV 

13 

ItV 

"i 

8 

1 

58 

8| 

A 

i3i 

itV 

I  If 

8 

1 

60 

9!i 

iV 

^5 

iiV 

i3i 

12 

1 

73 

lO 

1 

i5i 

li 

i3i 

12 

f 

78 

lof. 

1 

16 

li 

i4i 

12 

1 

85 

12 

1 

18 

'i 

i5i 

12 

I 

98 

I2j 

1 

19 

i| 

17 

12 

I 

108 

M 

1 

21 

i| 

i8| 

12 

I 

148 

15 

1 

22i 

I? 

20 

16 

i 

162 

i6 

1 

i3t 

It\ 

21} 

16 

i 

195 

i8 

1 

25 

ItV 

22J 

16 

I 

207 

20 

i 

27i 

iH 

25 

20 

I 

275 

22 

1 

29i 

li 

27i 

20 

I 

320 

24 

tV 

32 

2 

29i 

20 

H 

400 

26 

tV 

34i 

2 

3ii 

24 

ij 

440 

28 

tV 

36i 

n 

34 

28 

H 

510 

30 

tV 

38J 

2i 

36 

28 

li 

560 

is  shown  in  Fig.  3.  The  usual  method  of  connecting  cast- 
iron  pipes  is  by  flange  joints  having  a  fibrous  packing 
between  the  flanges.  Flange  joints  should  be  fitted  in  such 
a  manner  that  the  only  stress  the  pipe  is  subjected  to  will 
be  the  tensile  stress  due  to  the  steam  pressure.  The 
standard   sizes  are  given  in  .Table  VII. 
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SIZES   AlCD   T7EIGHTS   OF   CAST-IRON   FLANGED   PIPB 


Thickness  of  Metal  in  Inches 

Bore  in 

Inches 

k 

a 

i 

ft 

f 

2 

I 

I* 

li 

Weigh! 

u  Per  Poc 

)t  in  Pouj 

ds 

2 

5.52 

8.74 

12.27 

16. II 

20.25 

24.70 

29.45 

34.52 

39.88 

2i 

6.75 

10.58 

14.73 

19.18 

23.95 

28.99 

34.36 

40.04 

46.02 

3 

7.93 

12.43 

17.18 

22.24 

27.61 

22.29 

39.27 

45.56 

52.16 

3i 

9.20 

14.27 

19.64 

25.31 

31.29 

37.58 

44.18 

51.08 

58.29 

4 

10.43 

16.  II 

22.09 

28.38 

34.98 

41.88 

49.09 

56.60 

64.43 

4i 

11.66 

17.95 

24.54 

31.45 

38.66 

46.18 

54.00 

62.13 

70.56 

5 

12. R9 

19.79  27.00 

34.52 

42.34 

50.47 

58.91 

67.65 

76.70 

5i 

14.  II  !  21.63 

29.45 

37.58 

46.02 

54.76 

63.81 

73.17 

82. 84 

6 

15.34   23.47 

31.91 

40.65 

49.70 

59.06 

68.72 

78.69 

88.97 

7 

17.79   27.15 

36.82 

46.79 

57.06 

67.65 

78.54 

89.74 

loi . 24 

8 

20.25  :  3^>.83 

41.72 

52.92 

64.43 

76.24 

88.36 

100.78 

113.52 

9 

22.70,  34.52 

46.63 

59.06 

71.79 

84.83 

98.18 

III. 83 

125.79 

lO 

25.16 

3S .  20 

51.54 

65.19 

79- 15 

93.42 

107.99 

122.87 

138.06 

II 

27.61 

41.88 

56  45 

71.33 

86.52 

102.01 

117. 81 

133.92 

150.33 

12 

30.07 

46.56 

61 .  36 

77.47 

93.88 

110.60 

127.63 

144.96 

162.60 

13 

32.52  1  49.24  1  66.27 

83.60 

101.24 

119. 19 

137.45 

156.01 

174.87 

14 

34.98  i  52.92  !  71.18 

89.74 

108.61 

127.78 

147.26 

167.05 

187.15 

'5 

56.60  76.09 

95.87 

"5-97 

136.37 

157.08 

178.10 

199  42 

BTIASS    AHfjy    COPPER    PIPE 


BRASS  PIPE 

13.  For  steam-heating  work,  "brass  pipe  is  made  in  all 
standard  iron-pipe  sizes  up  to  0  inches  in  diameter.  It  has 
a  thickness  nearly  equal  to  that  of  standard  wrought-iron 
pipe,  and  hence  is  of  sufficient  thickness  to  be  threaded  the 
same.  The  regular  standard  lengths  are  12  feet;  they  come 
without  threads.  Brass  pipe  is  used  chiefly  for  !)oiler  con- 
nections where  a  pipe    with   more   flexibility  than  iron    is 
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required,  and  for  boiler  feedpipes  and  blow-off  pipes,  as  brass 
is  not  so  liable  as  iron  to  deteriorate  under  the  high  tem- 
perature in  the  flue  space  and  smoke  chambers  of  a  boiler. 
Brass  pipe  is  also  used  for  steam  coils  in  water  tanks,  or 
water  coils  in  steam  tanks  for  heating  feedwater  for  boilers, 
etc.  Small  sizes  of  brass  pipe  are  used  for  oil  connections 
in  machinery,  as  they  can  be  easily  and  neatly  bent,  and 
when  polished  make  a  neat  appearance.  The  standard  sizes 
are  given  in  the  following  table: 

tabijE  vm 


SIZKS  AND   WEIGHTS   OF  IROX-PIPE  SIZE  OF  BRASS 
AND  COPPER  STEAM   TUBES 


Size  of  Tube 

Inside 
Diameter. 

Inches 

Outside 
Diameter. 

Inches 

Length. 

Approximate  Weight 
Per  Foot 

Feet 

Brass 

Copper 

J-inch 

J-inch 

}-inch 

J-inch 

J-inch 

1  -inch 

ij-inch 

li-inch 

2  -inch 

2l-inch 

3  -inch 

3j-inch 

4  -inch 

5  -inch 

6  -inch 

.27 
.36 

•49 
.62 
.82 
1.04 
1.38 
1.61 
2.06 
2.46 
3.06 
3.50 
4.02 
5.04 
6.06 

H 

A 
H 
\i 

lA 

iiV 

If 

li 

2f 
2i 

34 

4 

4i 

5.56 
6.f>6 

12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 

8  to  10 
6  to  8 

.30 

•43 

.58 

.80 

1.17 

1.67 

2.42 

2.92 

4.17 
5.00 
8.00 

IO.O<J 

12.00 

15.93 
20.  Tk; 

.31 

.45 

.61 

.84 

1.23 

1.75 

2.54 

3.07 

4.38 

5.25 

8.40 

10.50 

12.00 

17.30 

22.38 

COPPER    PIPE 

14.  Copper  pipe  can  be  had  in  the  same  dimensions  as 
the  brass  pipe  referred  to  in  Table  VIII,  hut  is  generally 
made  only  to  order,     The  smaller  sizes  of  copper  pipe  arc 
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used  for  the  same  purpose  as  brass  pipe ;  that  is,  for  feed- 
water  heaters,  drip  pipes,  boiler  connections,  etc. 

Seamless  copper  pipe  of  the  iron-pipe  sizes  can  be  used 
for  spring  bends  for  main  steam  lines;  sizes  less  than  4  inch 
can  be  bent  cold.  In  steamship  work,  copper  tubing  for 
connecting  the  boilers  and  engines  is  generally  made  from 
sheet  copper,  with  the  seams  dovetailed  and  then  brazed. 
The  ends  of  such  tubes  are  provided  with  flanges  brazed  and 
riveted  on;  the  sections  are  then  bolted  together  in  posi- 
tion. As  the  beating  of  the  copper  sheet  draws  the  copper 
lighter  in  some  parts  than  others,  tubes  thus  made  are  not 
so  well  adapted  for  very  high  pressures  as  the  seamless  tubes. 


flexibijE  metalmc  tubing 

15.  -A  peculiar  form  of  tubing  consists  of  a  strip  of 
metal,  formed  by  a  special  machine  over  a  mandrel,  with  a 
curved  edge  on  one  side  that  la])s  into  the  curved  edge  of 
the  opposite  side  of  the  same  strip,  the  si)iral  seam  acting  as 
a  wedge  to  press  the  two  interlocking  edges  tightly  on  each 
other.  By  the  ingenious  method  in  which  the  pipe  is  made, 
it  becomes  flexible  and  yet  remains  steam-tight. 


10.     Fig.  4  shows  a  flexible  metallic  tube  a  in  section.     It 

_  is    connected    to   a 

wvAv^^i^^  ^ — ^^^.^^,    coupling    b,    which 

may  be  screwed  to 
an  iron  pipe.  To 
connect  the  tube 
and  coupling,  the 
coupling  ring  c  is 
slipped  over  the  end 
of  th(t  tubing  a^  and 
then  the  gland  ci  is 
screwed  over  the 
tubnig.  JNext,some 
asbestos-thread     packing    is    wrapped    around    the    tubing 
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at  €\  the  end  of  the  tubing  is  then  pushed  into  b^  as 
shown,  and  the  ring  c  is  screwed  over  b  until  the  pack- 
ing at  €  is  tightly  compressed.  Care  must  be  taken, 
however,  not  to  twist  the  tubing,  as  then  it  may  leak. 
A  little  clear  space  must  be  allowed  at  the  end  of 
the  tubing,   as   shown. 


PIPE  FITTINGS 


Fig.  5 


EliBOWS 

17.  ElboTvs  are  fittings  that  are  used  to  change  the 
direction  of  a  pipe.  They  are  made  with  right-hand  threads 
and  also  with  left-hand 

threads;  also,  with  one 

thread  right  hand   and 

the    other    thread    left 

hand.     The  term  ell  is 

a  trade  abbreviation  for 

elbow.        The      i-ight- 

angrle   elbo^v,  also 

called  quarter  elbow, 

is    used    for    making 

right-angle,  or  90'',  turns  in  continuous  lengths  of  piping. 

Fig.  5  shows,  in   s-.xtion  at   (a)  and   in  perspective  at   (^), 

a  common    cast-iron   quarter  elbow.     It  will    be  observed 

that  the   tapped   openings    are    reenforced    with    an    extra 

amount   of   metal  around    the  threads.     This  extra  metal 

is  required  to  prevent   the   fitting   from  being  si>lit  when 

a  pipe  is  being  screwed  into  it.     All  cast-iron  fittings  are 

provided  with  a  reenforcement. 

18.  Elbows  with  left-hand  threads,  commonly  called 
ieft-hand  elbows,  are  used  in  places  where  fittings  cannot 
be  turned,  as  occurs  in  connecting  up  the  last  fitting  of 
a  loop. 
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Fig.  0 


19.     Fig.     r»   shows    a    liijclit-ancl-left -quarter  elbow, 

where,  as  a  distinguishing  mark,  the  left- 
hand  end  has  ribs  cast  on  it,  as  shown 
at  a.  Some  manufacturers,  however, 
indicate  the  left-hand  thread  by  the  let- 
ter L  marked  on  the  fitting. 

20.  Ileducinvr  elbo\^r8,  one  of  which 
is  shown  in  Fig.  7,  are  used  for  the  same 
purpose  as  straight  elbows,  which  are 
tapped  the  same  size  at  both  outlets;  they  differ  from 
straight  elbows  in  that  the  outlet  end  is 
tapped  (threaded)  for  a  smaller  pipe.  There 
are  no  right-and-left  threaded  reducing 
elbows  manufactured;  if  required,  they 
must  be  made  to  order.  In  fact,  all  redu- 
cing fittings  are  made  with  right-hand 
threads.  Fio.  7 

!3l.  Ki^hth,  or  45",  elbows  are  intended  to  change  the 
direction  in  which  the  pipe  runs  45'.  Eighth  elbows  are  at 
present  only  made  with  right-hand  threads, 
and  are  not  made  in  reducing  sizes.  They 
should  be  used  in  preference  to  90°  elbows 
when  possible.  A  45*^  elbow  is  shown  in 
Fig.  8. 

2ti.  A  side-outlet  elbo^",  or  threes 
wtt.v  o11m>w,  which  has  three  outlets,  is 
H.  It  is  seldom  used,  because  it  makes  it 
(lirticiilt  t<i  pr()[>erly  allow  for  expansion 
and  conlracti«)U  of  the  pipes:  but  there  are 
some  cases  where  it  is  necessary.  For  in- 
stance, they  may  be  used  for  a  drip  pipe  to 
drain  tlie  water  of  condensalioti  from  long 
runs  of  pipe  at  a  b^nd;  such  a  drip  pipe  or 
relief  siiould  befitted  so  ihal  expansion  and 
eotilraclioti    are     providi^d     \nr  as   fully   as  ^^'"  ^ 

possible.      Side-outlet  rlbows,  while  listed  in  most  catalogues, 
are  seldom  kept  in  stock. 


Fig.  8 
shown   in   Fig 
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FIO.   10 


23.  Street  elbows  are  used  in  steam -fitting  work  only 
in  places  where  the  connection  must  be  made  too  close  to  use 
the  regular  form  of  elbow  and  a  short 
piece  of  pipe.  The  name  is  derived 
from  the  use  to  which  they  are  put  by 
plumbers  and  gas-fitters,  being  used  by 
them  to  connect  water  and  gas  pipes  to 
openings  tapped  in  the  street  mains. 
They  are  sometimes  used  by  boiler 
makers  in  making  a  close  right-angle  connection  to  the  shell 
of  a  boiler  or  a  tank,  and  by  steam  fitters  in  connecting  feed- 
pipes where  space  is  limited  between  the  boiler  and  brick- 
work, etc.  They  are  also  called  male  and  female  elbows, 
the  female  part  d.  Fig.  10,  having  a  thread  into  which  a  pipe 
can  be  fitted  and  the  male  part  being  the  outer  threaded 
end  shown  at  a.  Street  elbows  are  usually  made  of  malle- 
able iron;  nearly  all  malleable-iron  fittings  are  reenforced 
by  a  round  bead,  shown  at  b. 


TEES 


^iMi. 


PURPOSE  ^VNI>  DESIGNATIOX 

24.  In  tees,  as  the  name  implies,  the  three  connec- 
ting outlets  form  a  T.  These  fittings  are  made  in  various 
\  1,1  forms  and  are  used  to  take  a  branch 

pipe  from  a  line  of  pipe  at  right  angles 
without  changing  the  direction  of  the 
continuous  pipe.  Any  number  of 
branches  may  be  taken  from  a  main 
line  by  screwing  tees  on  the  line. 
Tees  are  all  made  with  right-hand 
threads  and  can  be  had  in  many  differ- 
ent fornis.  The  method  of  designating  the  size  of  a  tee  is 
to-  first  state  the  size  of  the  run  and  then  the  size  of  the 
branch.  By  run  is  meant  a  line  of  piping  entering  and 
leaving  a  fitting  in  the  same  straight  line.  Thus,  in  Fig.  11, 
^  65—3 


\FiG.  n 
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if  all  the  openings  were  1-inch,  it  would  properly  be  called 
a  1"  X  1"  tee.  It  is  known  more  commonly  to  the  trade, 
however,  as  a  straight  1-inch  tec.  If  the  openings  are  differ- 
ent in  size,  it  is  necessary  to  he  very  careful  in  naming  a  tee. 
Thus,  Fig.  12  shows  a  run  of  li-inch  pipe  reduced  to  a  run 


/^  P/pe 


Ptpe 


Fig.  13 


of  l|-inch  pipe  by  a  tee  that  has  a  1-inch  branch.  This  is 
known  as  a  U"  X  l]"  X  1"  tee.  The  largest  size  tapping  on 
the  run  is  always  noted  first;  then  the  other  tai)ping  on  the 
run;  then  the  branch  lapping.  This  simple  rule,  which  is 
universally  adopted,  should  be  remembered  in  ordering,  to 
prevent  confusicm. 

25.     When  a  tee  is  made  so  that  the  branch  taken  from 
the  main  line  is  smaller  than  the  run,  as  shown  in  Fig.  13, 


j^/R^t' 


Fig. 13 


the   fitting  is  really  a  reducing!;  tec,  bnl  it  is  not  listed  as 
such  in  manufacturers'  catalogues.      It  is  simply  listed  as  a 
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te«  Willi  A  iHHUieed  outlet.     The  tee  ^hown  in  Fig.  13  is  I 
design  a  tcil  as  ;i  li"  X  3''  X  1 1"  /'"^v     In  other  words,  it  hasj 
3*iitch  run  and  a  l|-iach  outlet. 


ItKDfTriNG,  tttTI^LIlEAn,  SI 015 -OUTLET,  AK»  AJCOLK  TEKS 

*iO.  KediielnK  tees  are  tecs  that  have  tlie  run  reduced 
in  size,  as  shown  in  Fig.  V^.  A  reducing  tee  may  also  have 
a  reducing  side  outlet.  In  designating  reducing  tees^  tha^ 
largest  uiiening  does  not  take  |*recedence.  The  side  outlet 
is  always  named  last,  even  though  it  is  larger  than  either  of 
the  others, 

!27*  A  Inillheiul  tee  is  shown  in  Fig*  14*  It  will  be] 
observed  that  the  run  of  the 
pi|*e  is  smaller  than  the  outlet. 
It  is  used  generally  where  the 
larger  pipe  must  have  branches 
both  ways  at  an  angle  of  90"* 
to  it.  It  can  be  made  reducing 
on  the  run,  the  same  as  is  shown 
in  Fig,  12. 

28^  A  siIdt*-oullet  tee, 
which  is  shown  in  Fig;  15»  is  a 
titling  that  is  listed  in  manu- 
facturers* catalogues,  but  is 
very  seldom  used,  as  it  is  cliffi* 
cidt  to  provide  for  free  expan- 
sion anj  contraction  of  the  pipes 

when  ft  is  employed.  This  fitting  is  usually  made  to  order^ 
and  can  be  made  to  snit  the  conditions. 
Fittings  of  this  kind  are  designated  by 
-first  stating  the  sizes  of  the  run  and 
then  the  sizes  of  the  side  outlets.  If 
it  is  desired  to  have  a  reducing  tee 
made  with  side  outlets,  the  fitting 
should  l>e  shnwn  by  a  sketch  made,  as 
in  Fig.  16,  tu  indicate  the  positions 
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^r^^ 


tht;  side  outlets.    The  fitting  shown  in  Fig.  16  (a)  is  designated 

as  a  4"  X  H''  X  ^r  X  If 
side-tmtlet  tet\  opening^ 
hwking  to  rigki^  The 
one  shown  in  Fig.  Its  {b) 
is  called  a  4^'  X  H"  X  t* 
X  li"  sidt  outlet  t€t\  {tfien- 
ifig  hoking  to  the  left. 
The  dotted  circle  in 
Fig.  Ui  {h)  shows  that 
the  side  outlet  is  on  the 
left  of  the  fitting,  and 
the  manufacturers  would 
make  it  accordingly. 
From  the  foregoing,  it 
will  be  seen  that  the 
terms  right  and  left  are 
applied  to  the  side  outlet 
in  accordance  with  the 
side  they  are  on  when 
looking  at  the  fitting  In 

the  direction  of  the  run^  and  from  the  larger  opening  toward 

the  smaller  one. 

89.    An  anj^le  t©€j  or  Y  tonuieh, 

is  a  fitting  having  an  outlet  that 
branches  off  at  an  angle  of  45^^  to 
tlie  axis  of  the  main  run.  It  is 
,  designated,  or  read,  the  same  as 
tee,  except  that  the  kind  of 
outlet  is  designated  by  calling  it 
a  V.  Thus,  the  iittlng  shown  in 
Fig-  1?  is  called  a  4''  X  3"  X  3'' 
redticipig  Y  branch.  These  fittings 
are  kept  in  stock  in  straight 
sizes,  that  is,  with  all  outlets  the 
same  si^e:  the  reducing  fittings 
must    be    made    to    order    to    suit    the    ccjuditions. 
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DmSION  TEES 

30,  A  division  tee  is  a  special  form  of  fitting  used  to 
divide  the  current  flowing  through  it^  so  that  each  current 
will  have  a  chance  to  flow  without  interference,  or  to  insure 
that  the  main  current  will  not  flow  past  a  branch  without 
part  of  it  being  diverted  into  the  branch.  A  plain  partition 
teo  is  shown  in  Fig.  18;  it  has  a  straight  partition  a  in  the 


c3 
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Fig,  10 


middle  of  the  fitting.  This  tea  is  used  when  two  pipes  in  the 
same  line  connect  to  a  pipe  at  an  angle  of  ^D"*,  the  flow  of 
liquid  traveling  toward  the  same  branch  pipe,  as  shown  by  the 
arrows.  Fig;  IC-I  shows  a  ^iietion  tee.  This  has  a  conical 
noKssle  a  extending  beyond  the  direct  line  of  the  branch  ^^ 
and  is  used  to  induce  the  branch  current  to  flow  into  the  run^. 


i-i^. 


FIG- 


31*  Fig.  -^0  shows  the  O  8  fittlngr-  It  is  used  to  allow 
the  branch  to  be  favored  mort!  than  the  run,  as  in  riser  pipes 
in  steam  heating,  when  a  better  flow  is  required  at  the  branch 
to  a  radiator  on  one  floor  than  is  required  to  supply  the 
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radiator  above  it.     The  arrows  show  the  direction  of  the  cur- 
rents.   This  fitting  is  used  principally  on  vertical  runs  of  pipe. 

32.  Fig.  21  shows  a  distributing  fitting  similar  to  Fig  20. 
It  has  a  large  body  at  the  branch;  the  back  of  the  fitting  is 
straight  on  the  run  and  the  deflector  (7  is  short.  This  fitting 
is  used  in  horizontal  runs  of  pipe  to  favor  the  branch. 


TjC)xg-ti:rx  ri'rrrxGS  a:nd  crosses 

33.  Lon^-turn  flttln^r^  are  made  similar  to  the  stand- 
ard steam  fittings,  but  have  a  long  bend,  which  allows-an 
easy  flow  of  the  litjuid.  In  Fig.  22  is  shown  a  long-turn 
elbow  in  (a),  a  d()u!)le-branch  elbow  in  (/;),  a  tee  in  (r),  and 


lUi.  ii: 

a  cn»ss  ill  {(/).  Tlir  fitting  in  (/;)  is  soinetimcs  called  a  twin 
o1Im)\v.  The  standard  makes  of  these  fittings  are  all  regular 
straight  sizrs;  the  reducing  sizes  are  special.  The  double- 
branch  elbow  is  similar  to  the  bullliead  tee  and  is  very  useful 
for  l)ranching  from  a  main;  it  makes  a  superior  connection. 

34.     Crossc's  are  fittings  used  where  two  branches  oppo- 
site (?ach  other  are  taken  from  a  main 
run  at  an  angle  of  iio'  witli  it,  as  shown 
/\   in    Fig.    'iU.       Although    they  are  used 
!'      extensively,    their    use  is  objectionable, 
as  the  flow  from  tJie  main  in  two  direc- 
tions taken  frt)ni  the  same  point  causes 
the  current  to  flow  unevenly,  unless  the 
branches    are    very   well    e(pialized.      In 
many  cases,  the   braneh    currents  cut   (AX  the  flow   in  the 
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run  by  the  sharp  turn  made  by  them.  There  is  not  so 
much  trouble  in  using  crosses  for  water,  as  the  velocity 
is  seldom  as  high  as  the  velocity  with  which  steam  flows 
through  pipes. 


NIPPIiES 

36.  Nipples  are  short  pieces  of  pipe,  threaded  on  both 
ends,  that  are  used  in  connecting  the  fittings  when  short 
connections  are  to  be  made.  They  are  made  in  all  sizes  of 
pipe,  kept  in  stock  in  various  lengths,  and  are  classified  as 
close ^  shoulder^  short,  and  long  nipples.  Nipples  are  made 
with  right-hand  screw  threads,  left-hand  screw  threads,  and 
right-and-left  screw  threads.  The  left-hand  nipples  are  very 
seldom  used,  and  are  generally  cut  to  suit  peculiar  conditions, 
such  as  occur  in  coupling  up  two  left-hand  fittings,  when  it 
is  not  possible  to  get  others,  or  where  it  will  occasion  much 
loss  of  time  to  get  the  proper  fittings. 

3G.  Fig.  24  shows  a  right-hand  close  nipple  having  a 
right-hand  taper  thread  cut  on  each  end.  The  nipple  is 
short  enough  to  allow  the  fittings  to  come  close  together, 
whence  the  name. 


Pig.  M  Fio.  25  Pio.  96 

37.  Fig.  '25  shows  a  right-hand  shoulder  nipple.  The 
threads  are  both  right  hand.  The  short  piece  of  unthreaded 
pipe  in  the  center  is  called  a  shoulder. 

38.  Fig.  '2r,  shows  a  rl^ht-aml-left  short  nipple.     The 

end  a  is  threaded  left  hand. 

39.  Tx>n^  nipples  difTcT  from  short  nipples  only  in  length. 
Some  people  call  them  short  pleees  of  j>lpe.  There  are  no 
specific  lengths  that  define  a  long  nipple. 
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40.  The  riglU-hand  nipple  is  used  where  it  is  possible  to 
extend  connections  by  the  turning  of  the  fitting.  The  right- 
and-left  nipple  is  used  where  space  will  not  permit  the  turn- 
ing on  of  a  fitting,  as  in  connecting  up  to  a  radiator  or  main. 
As  the  pipe  wrench  is  used  on  such  a  nipple,  it  should  be 
made  of  extra-heavy  pipe,  to  prevent  its  being  flattened  or 
split  by  the  wrench.  Nipples  up  to  2  inches  can  be  cut  with 
the  ordinary  hand  tools,  but  the  work  is  very  slow  and, 
hence,  expensive;  nipples  cut  by  machinery  can  be  pur- 
chased much  cheaper  than  they  can  be  made  by  hand. 


41.  A  nipple  with  a  hexagon  center  is  shown  in  Fig.  27. 
It  is  made  of  malleable  iron  cast  in  the  form  of  a  sleeve.  As 
it  is  used  chiefly  for  connecting  materials 
that  cannot  be  turned,  it  is  threaded 
right  hand  and  left  hand,  as  shown.  It 
is  screwed  up  by  means  of  a  narrow 
wrench,  usually  called  a  spanner,  and 
applied  to  the  hexagon  center.  In  these 
nipples,  both  threads  have  the  same 
length.  They  are  used  chiefly  for  con- 
necting up  sections  of  radiators. 


Fir;.  27 


4!<i.  IjCK'kniit  nlpi)les;,  or  loii^  seiH'ws,  are  used  in  some 
cases  for  linal  connections,  especially  in  gas  work.  In  steam- 
heating  work,  however,  they  are  used  only  in  places  where 
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Fig.  28 


the  connc{^ting  pipes  will  not  permit  springing  in  order  to 
make  the  connection.  They  consist  of  a  short  pipe  /?, 
Fig.  2S,  with  a  taper  thread  h  on  one  end  sufficiently  long 
to  make  a  tight  screw  joint  in  the  fitting;  the  other  end  is 
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threaded  with  a  straight  thread  somewhat  longer  than  the 
coupling  c,  A  short  locknut  d^  also  called  a  follower,  made 
by  cutting  a  coupling  in  two  pieces  in  the  lathe  and  turning 
a  cup-like  recess  in  it,  is  fitted  to  the  thread.  This  will  serve 
as  a  gland  and  will  hold  packing  e  when  the  follower  is 
screwed  up  tight  against  the  coupling.  After  the  nipple  a 
is  screwed  into  thq  fitting  and  lined  up  for  final  connection, 
the  coupling  e  is  screwed  up  tight  on  the  other  pipe  /.  A 
lamp-wick  or  hemp  gasket  soaked  in  white  lead  is  wound 
around  at  e  and  the  follower  is  screwed  up  tight. 

43.  Although  the  long  screw  is  shown  and  described 
here,  it  is  not  recommended  for  steam-heating  work.  Right- 
and-left  fittings  should  be  used  instead.  The  long  screw 
may  be  used  with  impunity  only  where  the  temperature  of 
the  pipes  connected  by  it  does  not  change  much  and  where 
there  is  no  vibration  or  jarring  of  the  pipe. 


44.  liOcXnuts  are  used,  as  previously  described,  to 
make  up  joints  on  long  screws,  etc.  They  are  also  used  on 
the  ends  of  pipes  to  serve  as  supports, 
or  to  protect  threads  in  shipping.  A 
locknut  is  shown  in  Fig.  29.  The  face  a 
screws  against  the  gasket  and  is  faced 
and  slightly  countersunk.  fig. 


COUPL.INGS 

46.  Coupliiip:^  are  simply  sleeves  threaded  inside. 
They  are  used  for  connecting  up  con- 
tinuous lengths  of  pipe.  Each  length  of 
standard  pipe  shipped  by  manufacturers 
is  fitted  with  a  coupling  on  one  end, 
except  extra-strong  pipes.  A  common 
wrought-iron  or  steel  pipe  coupling  is 
Pio.  ao  shown    in    Fig.  30.     It   is   tapped    right 

hand  at  both  ends  with  taper  threads. 


'*;*; 
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46,  A  rediielnflr  eoiiplliiior  is  shown  in  Fig.  31.  This  is 
usually  made  of  cast  iron  in  the  larger  sizes 
and  of  malleable  iron  in  the  smaller  sizes. 
The  coupling  shown  is  made  of  cast  iron.  It 
consists  of  a  short  sleeve  with  a  large  open- 
ing and  a  small  opening,  each  tapped  to  suit 
the  different  sizes  of  pipes  to  be  connected 
^®-  ^  together.     An  eccentric,  or  oflBtot  reducing: 

coupling,  is  shown  in  Fig.  3'2.     It  is  used  to  facilitate  the 

draining  of  a  horizontal  pipe  and  to  preserve 

the    bottom  alinement.     These    fittings   are 

only  made  with  right-hand  threads. 


47,     A  riprht-aiid -left  coupling  is  shown    iii 

in  Fig.  33.      It  is  used  for  coupling  up  pipe     * 
k-ngths  where  final  joints  are  to  be  made  and 
where  the  pipes  cannot   be  turned.      It  con-  ^^' 

sists  (.)f  a  sleeve  tapped  with  a  right-hand  thread  in  one  end 
ft  ^^  and  a  left-hand  thread  in  the  other  end. 
Difi'erent  makers  have  cHlTerent  kinds  of 
outside  finish  f<M*  these  fittings  to  dis- 
tinguish them  from  common  couplings; 
the  illustration  re}>resents  a  good  con- 
struction. The  bars  a,  ti  are  the  rig'/it 
^'°*  ^  an<l  /<;//  distinguishing    marks,  and   the 

beads  /\  b  are  strengthening  bands,  very  much  required  on 
siH'li  a  lilting. 


48,     A  solid  dan^c'  is  shown  in  Fig.  31.     This  is  some- 
times (ailed  a  blind  platr,  <>r  blliKl  flange.     It  is  made  of 

east    iron   and   is   useil   i)rineipally   for 

elosing  the  ends  of  Hanged  i)ipes,  etc. 

Holes   arc  drilled    lo  correspond   with 

the  holes  in  the  pii)e  fiange,   and  the 

solid  flange  is  secured  with  bolts  and  a  '^''  '** 

gasket.      Plain  fiat  fianges  are  generally  used  up  to  IS  inches 

in  diameter.      For  larger  sizes,  ribbed  solid  tlanges  are  used. 

The  ribs  are  cast  on  to  strengthen  the  fiat  plate. 


§22  PIPES  AND    FITTINGS  27 

49.  Fig.  35  shows  a  cominon  flaiif^e  threaded  inside 
to  receive  the  pipe.  The  bolt  holes 
are  not  shown  in  the  figure;  these 
are  usually  drilled  to  correspond 
with  the  bolt  holes  of  the  apparatus 
to    which   the   flange   is   intended   to 

FlO.  85 

be  bolted.     Solid  and  common  flanges 

can   be   procured   in   stock   sizes   without   bolt   holes. 


BU8ITTNGS,    PliUGS,    AND    CAPS 

50,  Bnshingrs  are  fittings  used  to  reduce  an  outlet  in  a 
fitting  or  to  connect  a  pipe  to  a  larger  outlet.  They  are 
usually  made  with  right-hand  threads.  Some  of  them  are 
made  with  a  hexagon  top,  as  shown  in  Fig.  3C,  for  conve- 
nience in  screwing  the  bushing  with  a  monkeywrench. 
Others  are  made  without  the  head,  as  shown  in  Fig.  37, 
and  are  called  faced  biislilnj^s,  or  flush  biisliini^.  They 
can  be  screwed  into  the  opening  to  form  a  neat  flush  finish. 
Some  steam  fitters  call  these  bushings  tlilnibles. 


Fio.  86  Fio.  87  Fig.  38  Fig.  39 

61.  Plugrs  are  fittings  used  to  close  tapped  openings  in 
fittings  when  the  openings  are  not  required.  Fig.  38  shows 
the  common  form  of  plug;  it  is  provided  with  a  projecting 
square  head  for  screwing  up  with  a  wrench,  and  is  made  of 
cast  iron.  Fig.  39  shows  a  faced  plug.  It  is  made  so  that 
there  will  be  no  projection,  and  has  a  square  depression  in 
the  face  of  the  plug  for  screwing  it  in  with  a  square  bar  or 
key.  These  plugs  are  usually  made  right  hand,  but  left- 
hand  plugs  can  be  had  to  order. 


".i-f-i 
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63.  A  cap  is  shown  in  Fig.  40.  It  is  used  to  close  the 
end  of  a  pipe,  and  consists  of  a  hollow 
cast  in  jj^  threaded  inside.  Some  caps  are 
made  with  a  square  projection  on  the  back; 
others  are  plain,  and  others  are  hexagonal 
on  the  body.  The  cap  shown  has  short 
Fig.  40  ribs  to  allow  the  pipe  wrench  to  get  a  good 

hold   in  screwing  on   the  cap. 


I'NIONS 


C'ONSTRrCTIOX  OF  UXIOXS 

53.  I'nioiis  are  used  for  final  connections  in  piping,  and 
consist  of  three  parts,  namely,  two  sleeves  threaded  to  screw 
on  the  ends  of  the  pipes  to  be  joined,  and  a  threaded  coup- 
VuVfT  rin^  to  tlraw  them  loji^ether.  Unions  for  steam  or  hot- 
water  fitting  work  should  have  ground  joints.  Ordinary 
faced  unions  with  washers  between  the  faces  of  the  parts 
often  leak  and  cause  trouble.  It  is  ccmsidered  the  best 
practice  {n  dispense  with  unions  on  small  sizes  of  pipe,  and 
use  rii^ht  and  left  threaded  connections  where  possible.  In 
very*'l<)se  connections,  however,  unions  with  a  ground  brass 
seat  may  be  used,  i)r(ivided  the  pipes  to  be  joined  are  not 
sprnnjj:  t<>  make  the  connection. 

ii\.     A   univtM-sal   (M>iipliiiju:,  or   union,  has  a   ground 

ball  joint  where  the  parts  come  together.      It  allows  pipes  to 
be  connected  at  an  angle. 

;>5,  Flimu**  unions  consist  of  cast  plates  having  a 
threaded  hole  f«»r  the  i)ipe,  and  are  faced  on  one  side;  they 
are  clamped  li-^luly  together  by  bolts,  the  bolt  holes  being 
either  cored  or  <1  rilled.  St>me  flan^ic  unions  have  pockets 
<»n  the  outside  of  on(r  flange,  as  shown  at  (t.  Fig.  41,  in  order 
to   prevent   the  bolt  from   turning  while  the   nut  is  being 
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screwed  home.  A  projection,  or  boss,  b  gives  sufficient 
length  to  the  thread  that  is  tapped  into  the  opening.  Flange 
joints  are  usually  made  steam- 
tight  by  placing  a  gasket  of  some 
fibrous  packing  between  the  flanges. 
These  fittings  are  used  in  making 
final  connections  for  pipe  larger 
than  2  inches  in  diameter,  although 
in  some  cases  they  are  used  for 
smaller  sized  pipe.  fio.  4i 


56.  Shrink  flanges  are  a  special  kind  of  flange  that 
are  shrunk  on  the  ends  of  pipes  and  riveted  on  instead  of 
being  screwed.  They  are  used  for  large  pipe  connections. 
The  end  of  the  pipe  is  turned  to  a  smooth  surface  a  distance 
slightly  greater  than  the  thickness  of  the  flange.  The  flange* 
is  then  bored  out,  making  the  opening  slightly  smaller  than 
the  turned  end  of  the  pipe.    The  flange  is  now  expanded  by 


Fio.  42 


being  heated,  and  is  driven  over  the  end  of  the  pipe;  it  is 
then  allowed  to  cool  and  thus  contract,  or  shrink,  into  posi- 
tion. Rivet  holes  are  then  drilled,  and  the  flange  is  riveted 
to  the  pipe,  as  shown  at  ^,  Fig.  42.  To  insure  a  steam-tight 
connection,  the  end  of  the  pipe  is  peened  over  a  chamfer  in 
the  flange,  as  at  b.  The  flanges  are  then  bolted  together 
with  a  gasket  of  packing  between  them. 
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J»Af'KING    Vint  UNIONS 

57.  Ciaskuts  or  parkinjj^  rinjj^s  for  steam-i)ii>e  flanges  and 
for  flange  unions  arc  niailc  of  various  materials.  in  low- 
j)ressure  heating,  a  heavy  brown -paper 
gaskel  soaketl  in  white  lead  and  boiled 
linseed  oil  is  sometimes  used  if  the  flanges 
are  faced  smooth  and  true.  Sueh  a  park- 
ing is  not  used  by  the  best  engineers,  as 
the  different  makes  of  asbestos  and  com- 
position packings  are  better  materials  for 
the  purpose.  Where  a  first-class  joint  is 
recpu'red,  the  corrugated-copper  gasket 
shown  at  (7,  Fig.  -1:5,  is  reliable,  as  it  can  be 
made  up  tight  without  fear  of  compressing 
the  material  into  the  i)ipe.  It  will  success- 
^'"'"  "^"^  fidly    resist    a    very    high    temperature. 

Other  good  forms  of  gasket  are  the  Mer>varth  and  the 
]\IrKiin.  These  consist  of  a  tlexil)le  metal  or  vulcanite  ring 
placed  between  copper  bindings.  A  good  gasket  can  be 
made  by  using  tine-wire  cloth  and  tilling  the  meshes  with 
red  lead. 


iiS.  The  i)ackings  known  to  the  trade  as llaliil>ow,  Vul- 
riiln'sios,  Jenkins'  1M>,  rsn<loHaiN  and  others  belong  to 
tlic  vul<  ani/AHl-rul)l)er  class,  and  are  all  satisfactory  if  used 
according  to  tlu.'  manufacturer's  directions. 

In  tile  asbestos  class  of  packings  are  the  MoiiaiHrhy  the 
Ih'r<MiU»s,  antj  otlicrs.  Some  of  these  packings  are  made 
with  a  wire  framework  i)assing  through,  or  woven  in,  them. 


UKTiKV  im:xi)s  axi)  maxifoli)  tees 

•UK  Ki>tiii*n  lK»n<ls  are  used  lor  making  coils,  or  to  make 
a  short  turn  in  a  pii)e,  to  return  it  in  the  ^ame  direction. 
They  are  ma<le  in  various  sizes  and  art:  of  the  i'/os(\  open^ 
antl  iK^iiit  j)at terns;  in  .some  cases,  the  threads  are  tapped  to 
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give  a  slant  to  the  pipes.  They  are  also  made  with  right- 
hand  threads  hi  one  opening  and  left-hand  threap  in  the 
other,  and  can  be  bought  with  both  threads  left  hand. 

OO*     Fig,  44  (a)  shows  a  t*lo«e  ifiiirii  beiitl,  and  (^)  an 
open  return  bend.     The  rjght-h;md-thread  return  bend^ 


■■''^f'>% 


0^ 


(m 
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like  all  other  right-hand  fittings,  must  be  turned  on  the 
pipe,  and  sufficient  allowance  must  bt;  made  In  admit  of 
this.  The  right-and-left-hand  fitting  is  made  for  use  where 
there  is  not  room  to  swing  the  fittings  the  pipe  being  screwed 
into  two  fittings  at  the  same  time,  similar  to  a  right-and- 
left  nipple.  Plteliftl-tliretwl  return  bends,  that  is,  return 
bends  in  which  the  threads  are  not  parallel,  must  usually  be 
ordered  tapped  to  the  required  slant. 

01.  Baek-outlet  return  bends  are  used  chiefly  in  coil 
work,  or  where  two  coils  are  connected  into  one  pipe,  or 
two  pipes  running  parallel  are 
joined  to  one^  as  shown  in 
Fig,  45. 

62»    Manlfolfl    tees,     or 

heiiders,  are  used  for  making  Pio. -is 

flat  coils,  where  the  pipes  run  in  the  same  direction  and 
are  parallel.  They  are  made  with  outlets  on  the  end  for 
connections  to  the  supply  pipes.  A  common  manifold,  some- 
times called  a  bnmeh  tee,  is  shown  in  Fig.  40,  The  end  a 
is  taijped  and  closed  by  a  plug,  and  is  said  to  be  bJanJied, 
A  supply  pipe  ^  connects  to  the  other  end, 

Manifiihls  are  also  made  with  back  outlets,  as  shown  by 
dotted  lines  at  c.      In  naming  tins  fitting,  the  outlets  in 
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multiple  are  first  named,  as  a  teu-hranck  l^-inch  tee  b}*  B-tntk 
riiu^  which  mtiana  that  thert^  will  be  ten  pipes  1|  inches  in 
diameter  branching  out  from  the  mani- 
foUlp  and  the  bcwjy  of  the  manifold,  or 
tee,  will  have  2-inch  tapped  openings  on 
the  end.  If  only  one  outlet  is  required 
on  the  end,  it  should  be  ordered  as  fol- 
lows: Out'  aid  tapped  2  inc/ws,  tfw  other 
en  d  bia  n  ked.  Ma  n  i  f  o  Ids  f  o  r  coils  ca  n  be 
made  to  order  to  jsuit  the  work.  Some- 
times it  is  convenient  to  have  the  out- 
let tapped  in  the  side,  but  in  all  cases 
where  back  or  side  outlets  are  required^ 
they  must  be  ordered  special  The  tap* 
pinj^  is  usually  right  hand,  but  other 
tappings  can  be  ordered. 


Fig.  45 


SPECIAL  FIITINGS 

63.  A  cast-iron  offset  is  shown  in 
Fig.  47,  It  can  be  had  in  all  sizes  with  an 
offset  of  4  inches,  K\  inches,  or  8  inches* 
They  are  very  handy  fittings.  The  chief 
trouble  in  using  offsets,  however,  is  that 
they  cannot  be  swung  around  when  near 
walls,  and  consequently  must  often  be 
connected  up  with  right-and-left  connec- 
tions. This  is  the  reason  that  many  fit- 
ters prefer  using  nipples  and  45""  elbows 
instead,  which  are  very  unsightly,  however* 


Fig.  47 


64.  Offset  fittings  can  alstybe  had  in 
the  form  of  tees,  crosses,  couplings,  etc. 
Fig*  48  shows  an  eeeeutrle  tee.  The 
object  of  this  fitting  is  to  prevent  lodging  places  for  water 
in  the  main  a^  which  is  always  the  case  where  the  ordinary 
reducing  fitting  placed  horizontally  is  used. 
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Fig,  49  shows  an  t-eceii t Hi' C'r(i«H,     It   is  used  chiefly  for 
taking  a  supply  both  ways  from  either  the  top  or  bottom  of 


Fig,  4a 


Fig.  4^ 


i 


rder. 
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a  main.    Eccentric  or  offset  filting^s  are  usually  made  to  on 
Sketches  showing  the  branches  must  be  sent  with  the  order. 

65,  FlBiigecl  east-lwMi  flttiu^  have  faced  flanges  in 
which  the  bolt  holes  are  generally  drilled  to  suit  a' standard 
templet  to  insure  interchangeability.  The  benefit  derived 
from  using  flanged  fittings  and  pipe  is  that  changes  in,  and 
additions  to,  piping  can  easily  be  made.  Flanged  connec- 
tions are  objected  to  by  some  people  on  account  of  the 
joints  requiring  packing  and  being  liable  to  leak,  but  if 
proper  provision  is  made  for  expansion,  so  that  the  piping  is 
not  subjected  to  excessive  liending  and  twisting  stresses,  and 
if  proper  packing  is  used,  the  chances  of  leakage  are  small. 


H      06,     Fig,  50  (a)  shows  a  cast-iron  flanireil  elbow  con- 
^  nee  ted  to  two  pipes;  a  refliielnijr  flangred  tee  is  sliown  in 
06—4 
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Fig.  50  {/?) ;  Fig.  50  (r)  shows  a  so-called  base  elbow,  which 
has  a  bracket  a  with  a  wide  base  cast  on  it.  This  kind  of 
elbow  is  used  at  the  bottom  of  a  long  run  of  vertical  pipe, 
the  base  being  placed  on  a  masonry  pier,  or  similar  suitable 
foundation,  in  order  to  support  the  weight  of  the  pipe  above 
it.  Nearly  all  kinds  of  fittings  can  be  bought  with  flanges 
instead  of  tapped  ends. 

07.  HeiiiiHteel  flttin^in^  are  made  special,  and  are  usu- 
ally made  from  special  patterns,  which  conform  somewhat 
to  the  cast-iron  flange  fittings  and  to  the  long-sweep  threaded 
fittings.  They  are  cast  of  a  special  metal  having  a  high 
tensile  strength. 

68.  The  malleable-iron  fittings  commonly  used  by 
plumbers  an<l  gas-fitters  are  not  adapted  for  use  with  iron 
pipe  for  steam  work;  they  will  not  stand  the  strains  due  to 
expansion  and  contraction.  For  this  purpose  extra-heavy 
patterns  are  made,  which  are  used  chiefly  in  connecting  up 
feedpipes  and  blow-off  pipes  in  the  fire-spaces  of  boilers. 

09.  There  are  two  kinds  of  brass  ftttliiKs,  those  made 
similar  in  pattern  to  malleable-iron  fittings  and  those  made 
similar  in  pattern  to  common  cast-iron  fittings.  The  latter 
arc  preferable  for  steam  work.  They  are  used  extensively 
ft)r  feed  and  blow-off  eonncrtions,  also  steam-gauge  and 
water-ji:au^e  connections,  and  in  places  where  iron  pipe  and 
fittings  would  rust  out  cjuickly.  They  are  threaded  for,  and 
used  with,  **  iron-pipe  size  brass  pipe."  These  fittings  can 
be  polished  or  otiierwise  finished  as  desired. 

70.  milling  (Utilises  are  made  chiefly  of  malleable  iron 
and  are  used  for  fences,  enclosures  around  machinery,  etc. 
They  are  made  with  right-hand  threads,  but  can  be  made  to 
order  with  any  thread  desired.  These  fittings  can  also  be 
made  with  redueiui;-  outlets  in  various  reductions  of  one  or 
two  sizes.  They  can  also  be  had  cast  from  brass,  and  either 
in  the  rouj^h  (that  is,  as  they  eonie  from  the  mold)  or  fin- 
ished (that  is,  polished).  The  distinj^uishing  feature  of  these 
fittings  is  that  the  body  is  spherical  in  form  and  the  outlets 
have  no  beads  for  reenforeement. 
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71,  Ornametital  flttlnKs  are  made  for  ornamental  fin- 
ish, chiefly  un  coils.  They  are  made  expressly  for  this  pur- 
pose and  can  be  obtained  made  uf  cast  iron  or  of  cast  brass. 
In  ordering  these  fittings,  they  should  be  described  ftiUy  and 
the  tapping  specified,  such  as  ie/i-kami  ihrentis  and  rigkt- 
Itanti  tkremis.  With  the  exception  of  the  ornamentation^ 
they  are  practically  the  same  as  other  common  fittings. 


PITE  BUPPOBTS 


PLATES,    STANDS*   HllACKKl^,  AND  8^1DDL£S 

7S.  Hook  platen  are  used  to  support  heating  pipes 
where  they  are  assembled 
in  the  form  of  coils,  or 
other  pipes  that  run  par- 
allel to  one  another.  In 
Fig.  51  {a),  aslnicle  htiolc 
plate  of  the  conuntni  pat- 
tern is  shown;  a  multl- 
pte  hook  pLate  of  the 
same  pattern  is  shown  in 
Fi^.  51  (b) ;  a  ^f  n  jri(^  off"" 
set  liook  plat^e  is  shown 
in  Fig;  51  (c),  antl  a  nml- 
tlple  om^t  hook  plate 
is  shown  in  Fig.  51  {d). 
The  ends  are  offset  so 
that  the  pipes  will  be  held 
clear  of  any  small  pro- 
jections on  the  face  of  the 
walL  Hook  plates  are 
fastened  to  the  walls  with 
screws  or  expansion  bolts. 
Care  should  be  taken  in 
ordering  hook  plates  to 
slate  the  size  and  number 
of  hooks,  which  latter  are 
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generally    called    biiiiirUes;    thus,  one  ten-branch   l^imk 

1 1*  i  tie  A  hiH^k  plale.  If 
uiTsct  plates  are  to  be 
used,  state  one  hn* 
hranrii  I\*in€lt  /took 
fiinft,  offset  ends, 
1\  inches  (or  as  much  as 
required).  Offset  hook 
plates  are  usually  made 
tu  order,  IIodIc  plates 
similar  to  those  shown 
in  Fig.  51  can  be  had 
pressed  out  of  sheet 
Fir,,  xa  steel. 


73. 


Ring:  plates  have  a  ring  for  the  pipe,  as  showti  In 
Fijr.  5%^  instead  of  the  houk  shown  in 
Fij^.  6L  They  are  used  in  places  where 
pipes  would  fall  out  if  hooks  were  used, 
as  at  ceiling^s  and  on  ships. 

74.  i::£|>un^lon   platesiH  are  similar 

to  hook  plates,  but  instead  of  hooks  the 
brackets  have  a  flat  surface,  as  shuwn 
in  Fig.  53.  They  are  used  at  the  cor- 
ners of  long  coils  to  allow  the  pipes 
to  freely  expand  and  contract.  The 
brackets  are  made  longer  than  the 
branches  of  hook  plates. 

75.  There  are  numerous  places 
where  cast-iron  hook  plates  cannot  be 
used;  for  example,  where  pipe  coils 
stand  away  from  a  wall.  In  such  cases 
it  is  necessary  to  support  the  coils  from 
the  floor  with  coll  Htunfls.  In  some 
cases,  they  are  made,  as  shown  in 
Fig,  54  {a),  of  flat  iron  with  the  ends 
bent  to  form  feet.     In   other   cases,  a 
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cast-iron  block  is  made  and  the  iron  bent  around  the  coil 
and  bolted  to  the  block,  as  shown  in  Fig.  54  {^).  Each 
stand  should  be  provided  with  a  support  for  each  pair  of 
pipes  or  each  separate  pipe,  so  as  to  preserve  the  aline- 
ment.  Each  support  should  preferably  have  a  piece  of 
I  pipe,  as  a^  slipped  over  the  bolts  to  form  a  distance  piece  that 
■  ^^  will  prevent  the  sides  /^,  c  from 

^^^H.  Il?V  being  bolted  tiglitly  against  the 

^^^1  '^rV^  pipes.    This  will  allow  the  pii>es 

^^^H  iTq  to  expand  freely. 

^^r  J^i>T-       "^        ^Q^     8i€le-waU,  or  eeiUii»rt 

briM'kets    are     used     in     many 
cases  to  make  a  strong  and  ser- 

»^^^|gpi^"T^^lh'  '^-,-— ^    viceable  support  for  pipes  and 
^^— ^^'"""^^   'f00^'    coils.     They  are  forged  of  iron 

to  the  required  shape.  They 
are  particularly  suitable  for 
supporting  coils  in  skylights, 
on  ceilings,  or  on  sloping  walls, 
where  the  cast-iron  hook  plate 
will  not  give  a  secure  support. 
Fig.  55  shows  such  a  bracket 
secured  to  a  brick  wall  by  ex- 
pansion bolts  at  f?,  (t.  A  forged 
iron  strap  of  bar  //,  offset  at  both 
'  endsja  bolted  to  the  barr,  the  bolts  forming  the  pipe  supports. 


Fig,  ^ 


fT*    Pipe  siiiliiles  are  made  of  cast   iron;  they  have 
notches  for  the  pipes,  as  shown  in  Fig.  50.     The  smaller  sizes 
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are  made  with  one  hole  at  the  center  to  admit  a  bolt  for  hang- 
ing the  pipes  from  the  ceilingf,  as  shown  in  the  illustration. 
Long  saddles  should  have  two  bolts,  one  at  each  ^nt\,  which 
make  a  better  support.  In  naming  these  fittings,  they 
should  bt*  designated,  for  example,  thus,  one  tai-pifc  Ilim/i 
stuidii\  which  is  a  saddle  for  ten  l^-inch  pipes. 

7ft.     Holler  support*?  consist  of  rollers  of  cast  iron  having 

a  hole  for  a  rod  to  slip  through.     The  rollers  are  made  to 

suit  the  si;£e  of  pipe  coil  lo 
be  used  and  are  usually  sold 
separately.  Fig.  57  shows  a 
roller  support  for  four  pipes 
attached  to  the  ceiHng.  The 
rod  that  passes  through  the 
rollers  is  a  piece  of  round 
steeL  It  i»  threaded  on  the 
ends  and  secured  in  place 
Fig.  57  with  locknuts.     The  hanger 


r  shown  is  secured  to  the  ceiling  beams  with  lagscrews^  and  is 

I  considered  to  be  about 

I  the    best    coil    support 

I  made. 


7ft.  There  are  nu* 
merous  ways  of  hanging 
steam  pipes^  of  which 
some  are  crude  make- 
shifts that  should  not 
be  found  on  good  work. 
No  engineer  who  prides 
himself  on  his  work 
will  use  them,  A  pipe 
hanger  shoidd  be  easily 
adjusted  after  the  line 
of  pipe  has  been  put  up  and  alined,  and  should  be  so 
constructed  that  sections  of  pipe  can  be  readily  taken  down. 


Pjo.  58 
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80.  Fig.  58  (a)  shows  the  Ideal  pipe  hang^er.  This 
is  a  strong,  although  light-looking,  hanger  made  of  flat 
steel.  The  clamps. is  sprung  over  the  pipe  and  clamped 
to  the  perforated  bar  d,  which  in  turn  is  clamped  to  a 
steel  socket  c  enclosing  a  bolt  or  lagscrew.  It  can  be 
adjusted  by  the  flat  perforated  bar  d,  which  is  cut  off 
to  suit.  A  beam  clamp,  as  shown  in  Fig.  58  (^),  is 
used  for  clamping  the  hanger  to  iron  and  steel  beams. 
It  is  made  entirely  of  steel;  the  adjusting  bar  a  is 
fitted  with  lockouts  d,  b  on  each  end  for  holding 
the  toes  or  hooks  ^,  c  around  the  beam  and  at  the 
same  time  obtain  an  easy  side  wise  adjustment.  A 
fine  vertical  adjustment  is  obtained  by  means  of  the 
bolt   d. 


Fig.  59 
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81.  The  Blake  hangrer,  shown  in  Fig.  59  (rt),  is  made 
of  malleable  iron.  Its  construction  somewhat  resembles 
that  of  the  Ideal,  with  the  exception  that  the  clamp  is  in 
two  parts  joined  at  the  bottom  with  a  tongue  or  pin,  as  shown 
at  a.  The  clamp  is  bolted  to  a  socket  b  that  is  tapped  with 
a  pipe  thread  and  into  which  a  lagscrew  c  is  screwed.  The 
lagscrew  is  used  for  connection  to  wooden  beams.  The 
Hlake  hanger  for  iron  ^nd  steel  beams,  however,  is  provided 
with  a  nipple  that  attaches  the  socket  b  to  ail  adjustable 
beam  clamp.  The  beam  clamp  is  made  with  a  diagonal 
slotted  hole  d  for  a  bolt,  and  allowing  adjustment  to  the 
iron  beam. 

82.  The  l^nivoTsal  lian«:op  is  a  cast-iron  hanger, 
with  a  ring  made  in  halves  and  bolted  at  the  bottom; 
it  has  an  oblong  button  end  at  the  top,  which  con- 
nects into  a  box-like  casting.  This  casting  is  bolted  to 
tlie  same  style  of  socket  and  lagscrew  as  used  in  the 
Blake  hanger.  A  malleable-iron  beam  clamp  and  an 
additional  socket  and  nipple  are  used  for  connection  to 
iron    beams. 

8C5,  The  flooy  hanger  has  a  cast-iron  loop  in  the  form 
of  a  stirrup;  this  has  a  recessed  top  fitting  over  a  bolthead 
held  in  place  by  a  cap  that  passes  over  the  top  of  the 
hangor.  The  pipe  is  supported  on  a  roller  made  of  iron 
pipe  placed  over  a  bolt  passing  through  each  end  of  the 
stirrup. 

84,  The  ball-and-socket  haiij^er  is  substantially  the 
saiiu*  as  the  l^lakc,  exce|)t  that  the  base  of  the  lagscrew,  or 
han^ing^  bolt,  is  provided  with  a  ball  on  the  end.  This  is 
enclosed  in  a  socket,  one-half  of  which  is  cast  on  the  top  of 
each  Icij:  of  the  loop.  The  socket  is  held  in  position  over  the 
ball  by  a  bolt  and  nut.  One  of  the  principal  advantages  of 
the  hanger  is  that  the  piju*  can  be  lined  up,  by  turning  the 
lagscrew  or  beam  clamp  hanging  bolt,  without  uncoupling^ 
the  loop  around  the  pipe. 
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FLOOH   FTjATE^,   CT^IT.IT^^G   TT.ATEH,  .U0>   BJjKT.yT.H 
85,     Floor  and   oelUiipr  plates,   sometimes    called    es- 
^euteheous^  are  used  for  making  a  neat  finij^h  around  the 

pipes  where  they  pass 
through  partitions, 
floors,  or  walls.  The 
styles  shown  are  made 
of  cast  irfin  or  cast 
brass.  Fig.  GO  (a) 
shows  a  simple,  plain 
cast-iron  floor  plate 
with  a  bead  on  the 
outer  edge  and  at  the 
opening  through  which 
the  pipe  passes*  Some- 
times screw  holes  are 
drilled  in  the  plate, 
as  shown,  so  that  it  can 
be  secured  to  the  floor. 
Fig.  GO  (A)  shows  a  sim- 
ilar plate  with  a  collar 
that  passes  around  the 
pipe.  It  is  Lapped  for 
a  se  tscr  e  w ,  w  li  ic  h ,  when 
screwed  against  the 
pipe,  prevents  the  plate 
from  falling  down. 
This  is  generally  used 
as  a  ceiling  plate. 
Fig.  *S0  (r)  shows  the 
lltitjsler  floor  plate^ 
for  use  where  a  one- 
pipe  riser  accompanied 
with  a  small  air-vent 
p i  pe  passes  t h  ro  n g h  t  h e 
floor.  Fig.  iM)  (ff)  shows  the  same  floor  plate  for  two-pi (m 
work,  when  the  steam  and  return  risers  are  accompanied 
with  a  sm.ill  air- vent  pipe.     In  these  styles  of  plates,  the 
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small  opening  can  be  used  to  secure  two  plates,  one  on  each 
side  of  a  partition,  by  means  of  nuts  and  a  short  piece  of 
small  pipe,  or  an  iron  rod  with  nuts  on  each  end. 

86.  If  the  plate  shown  in  Fig.  60  (d)  is  used  in  connec- 
tion with  a  combustible  ceiling,  it  should  have  a  projecting 
collar  around  the  pipe  at  the  upper  opening,  to  prevent  the 
pipe  touching  the  woodwork.  The  plates  shown  in  Fig.  60  (c) 
and  {(/)  can  also  be  used  as  ceiling  plates,  and  may  be 
secured  in  place  by  cleats  of  strap  iron  fastened  to  the  bot- 
tom. The  projecting  flange  is  long  enough  to  reach  through 
the  floor,  and  the  straps  are  bent  over  at  the  floor  above. 

87.  Scre^v  floor  plates  are  cast-metal  plates  having  a 
recess  in  the  bottom  threaded  with  a  regular  pipe  thread; 
they  are  intended  to  screw  on  a  short  wrought-iron  nipple 

or  tube.  They  can  be 
used  as  floor  and  ceiling 
plates,  or  for  walls,  parti- 
tions, etc. ,  and  are  the  most 
serviceable  plates  and 
make  the  neatest  finish  for 
concrete  or  fireproof  floo»  a, 
etc.  Screw  floor  plates  are 
made  of  iron  or  brass,  and 
can  be  obtained  finished  in 
various  ways. 


^ 


88.  Fig.  01  shows  a 
good  screw  floor  plate, 
known  as  the  Hall  thim- 
ble. The  three  loose  parts 
are  shown  in  Fig.  61  (/i), 
while  Fig.  (Il  (/;)showsthe 
thimble  in  position  around  a  st(\im  pipe  passing  through  a 
fireproof  floor.  The  plates  shown  in  Figs.  00  and  61  must 
be  put  in  place,  or  at  least  slipped  over  the  pipes,  before  the 
pipes  are  screwed  up. 


raj 


(b) 


Fig.  61 
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89.  Adjustable  floor  and  ceiling  plates  are  also  made  in 
halves,  so  that  they  may  be  placed  around  the  pipes  after 
the  work  is  erected.  They  are  secured  together  in  various, 
ways,  and  when  used  as  ceilin^  plates  have  some  means  of 
clamping  them  to  the  pipes. 

90.  Fig.    62  (n)   shows   the   Be'iaton   adjustable   floor 

plate,  while  Fig.  62  (d)  shows  the  corresponding  ceiling 
plate.  They  are  each  made  of  two  hinged  halves,  which 
when  closed  around  the  pipe  are  secured  by  a  screw,  as  shown. 


Pig.  63 


91.  Stiimped-metal  floor  plates  are  stamped  from 
sheet  metal,  and  are  lighter  and  lie  closer  to  the  floor,  which 
is  a  good  point  in  their  favor.  The  llussell  plate,  shown 
in  Fig.  63,  belongs  to  this  class.  The  parts  are  joined  by  a 
metal  tongue  projecting  through  a  band  on  the  adjoining 
half;  a  notch  in  the  tongue  secures  the  sections  together. 
There  is  enough  spring  in  the  prongs  a  to  hold  the  plate  in 
place  by  their  pressure  against  the  pipe.  One  objection  to 
this  plate  is  that  it  has  no  flange  around  the  pipe  to  protect 
the  woodwork. 


92.    Floor  and  ceillnj^:  sleeves  are  made  of  tin  or  gal- 
vanized  iron,  and  are  used   in  connection  with   floor  and 
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aicr^ 


Fig.  U 


ceiling  plates  to  insure  protection  against  fire  and  to  close 

the  opening  where  pipes  pass 
through  floors  or  partitions, 

93.  A  daiiblc-rlsc^r 
slee%'e  is  shown  in  Fig.  fi4-. 
It  consists  of  two  plates  of 
the  kind  shown  in  Fig.  60  (^Z), 
with  galvanized -iron  sleeves 
a,  a  fastened  to  each  plate. 
A  space  is  left  between  the 
sleeves  for  taking  connect  ions 
from  the  tees  shown  under 
the  floor.  The  sleeves  can 
he  made  longer  if  desired,  so 
that  the  pipes  will  be  enclosed 
completely,  one  sleeve  tele- 
scoping into  the  other  The 
method    of   securing    these 

plates  is  by  two  small  iron  rods  ^,  A  with  screw  ends  passing 

through  both  plates  and  having  nuts. 

04#    Fig.  05  shows  a  sheet-metal  telescopic*  Hleere  for  a 

single  pipe*      It  is  composed  of 

two  spnn  flanges,  each  attached 

to  a  sleeve.     The  lower  flange 

is  drawn   up  to  the   ceiling  by 

cleats  a^  a^  which  are  bent  over 

and  nailed  to  the  floor,  as  shown. 

The    upper    flange    and    sleeve 

are  pushed  down  in  place  over 

the  lower  sleeve,  as  shown ;  the 

upper  flange  is  wide  enough  to 

conceal  the  cleats.    An  air  space 

of  1  inch  or  more  should  exist  between  the  sleeve  and  the 

steam  pipe. 

fl5.     The  Vfuslnirff  ndjustfiblo  Hleeve,shown  in  Fig,  66, 
has   a   thread    that  allows    the   length  to  be  adjusted  and 
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incidentaHy  gives  stiffness, 
much  used  for  good  work. 


This  is  a  strong,  durable  sleeve, 


96.  Different  localities  have  dif- 
ferent laws  governing  the  amount 
of  space  which  shall  be  provided 
around  the  steam  pipes  and  return 
pipes  as  a  protection  against  possi- 
ble charring  of  woodwork.  A 
1-inch  air  space  all  around  the  pipe 
is  generally  considered  a  sufficient 
fire-protection,  and  is  reasonable 
enough  to  admit  of  connections 
being  made  without  projecting 
the  risers,  etc.  too  far  into  the 
room. 


FlO.  66 


97.  In  many  buildings,  it  is  advisable  to  place  some 
fireproof  filling  in  the  space  between  the  pipe  and  the  sleeve, 
so  that  fire  in  one  apartment  cannot  pass  through  to  the  one 
above  or  adjoining.  Ordinary  pipe  covering  will  fit  most  of 
the  tubes  where  made  1  inch  larger  than  the  pipe,  or  the 
space  can  be  packed  with  loose  asbestos  in  flakes,  or  with 
mineral  wool. 

98.  A  good  fireproof  finish  can  be  obtained  by  using 
the  Nonpareil  cork  riser  blocks,  which  consist  of  cork 
pressed  under  a  high  pressure  around  iron -pipe  sleeves. 
They  can  be  built  into  the  walls  by  the  masons  as  the  build- 
ing is  erected. 

VATiVES 


GLOBE   VAT^VES 

99.  Valves  are  used  to  entirely  shut  off  or  partly  check 
the  flow  of  steam  or  water  in  a  heating  system,  so  that  the 
apparatus  can  be  properly  controlled.  They  vary  in  design, 
some  being  made  to  completely  shut  off  the  piping,  while 
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others   are    made  to  partially  shut  off  the  piping  so  as  to 
reduce  the  si  cam  pressure. 

HK).  The  most  common  type  of  valve  is  the  iclobe 
viilvo.  It  is  made  with  a  ji^lobe-shaped  body  so  as  to  jjive 
ami)le  area  for  ihr.  |)assa^e  of  the  fluid.  Inside  the  valve  is 
a  partition  wilii  an  openinjjf  at  right  angles  to  the  valve 
stem.  Tills  oiKMiing  has  a  seat  either  formed  directly  in  the 
partition  or  secured  to  it  by  a  screw  j<^int.  Over  this  open- 
ing is  fitted  a  disk  attached  to  a  threaded  spindle  or  stem; 
this  passes  through  a  hub  or  bcmnet  having  a  chaml>er 
around  a  part  of  the  spindle  to  admit  packing.  A  stuffing- 
box  and  gland,  which  adjusts  the  packing  by  forcing  it  into 
the  stuffingl)o\',  causing  it  to  press  tightly  against  the 
spindle,  is  fitted  over  the  hub.  The  bonnet  is  placed  in  an 
opening  in  the  body  of  the  valve,  the  joint  being  made  in 
some  cases  by  a  screw  thread  and  in  others  by  a  packed 
flange  and  b«)Its.  The  disk  is  ritted  carefully  to  the  seat,  so 
tliat   the  valve  seat  and  disk  form  a  tight  joint  when  the 

spindle  is  screwed  down.  A  wheel 
handle  is  generally  used  to  screw 
the  disk  up  and  down. 

lOl.  Since  the  disk  of  a  valve 
beromes  worn  by  the  closing  and 
opening,  and  from  other  causes, 
it  is  often  necessary  to  regrind  it 
to  |)revent  leakage.  Regrinding 
is  a  tedious  operation,  which  is 
done  away  with  by  using  a  re- 
iiioval)le  disk.  Such  disks  co.n- 
.  sis;  either  of  a  metal  casing  filled 
with  vuUanized  rubber,  soft 
metal,  or  hard  metal,  or  they  are 
til)rr  washers. 

W2.  Fig.  I'lT  shows  a  valve 
known  to  liu-  trade  as  the  Jen- 
kins  *•  l)Iani<»iid  '*•  valve.    This 

has  a  flat  raised  seat   insi<le  the   body  u  uf  the  valve  and  on 
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the  partition  b.  The  spindle  t  is  fitted  with  a  disk  d,  which 
is  free  to  rotate  and  is  confined  longitudinally  by  means  of 
a  locking  sleeve  t\  This  disk  ti  has  a  recess  into  which  is 
inserted  a  composition  ring /'made  of  ruliherand  vulcanized 
so  as  to  stand  a  high  temperature.  It  is  seuured  in  place 
by  a  nut  and  washer.  The  disk  is  pliable;  it  fits  the  raised 
!^eat  and  makes  a  tight  joint, 

103*  Tfji:  Kuirbiinks  valves  is  somewhat  similar  in  con- 
struction to  the  J  tonkins,  except  that  a  composition  ring  of 
asbestos  ami  vulcanite  is  pressed  into  the  recess  of  the  disk; 
when  renewals  are  required,  a  complete  new  disk  can  be 
readily  inserted,  as  the  spindle  is  made  with  a  shoulder  a^ 
Fig-  08  {a),  fitting  into  a  recess  open  on  one  side  and  on  top 


m 


FIG.  m 


fthe  disk,  which  is  held  in  position  by  guides  inserted  in 
the  bmiy  of  ihe  valven  This  is  a  qukk-ri'patriug  valvt\  as 
Upon  removing  the  hub  /;  the  disk  can  be  slipped  off  the 
spindle  and  a  new  one  slipped  on,  as  shown  in  Fig,  ^>^  (b)  \ 
hence,  this  valve  is  used  extensively  where  repairs  must  be 
made  w  it  I  ion  t  undue  loss  of  time. 
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104.  The  trMcni  valve  is  made  similar  to  the  Fair- 
batiks,  exctjpt  that  the  disk  has  corrugations  in  the  recess 
where  the  composition  ring  is  placed. 

lOo,  The  Craue  copper  disk  valve  is  constructed 
similar  to  the  Jenkins^  with  the  exception  that  the  disk  is 

fitted  with  a  double-faced  cop- 
per ring  a^  Fig.  09,  having  an 
outer  rib  rounded  on  its  face, 
which  adjusts  itself  to  the  flat 
seat  and  forms  a  tight  joinL 
The  ring  can  be  turned  and 
used  with  the  other  edge  to- 
ward the  seat,  should  it  becomt 
marred  by  grit  or  other  causes. 
The  holder  is  turned  to  form 
a  tight  joint  at  the  top  edge 
and  sides  of  the  copper  disk. 
Softer  metals  have  been  used 
for  disks  of  this  kind,  but 
have  not  proved  as  satisfactory 
as  copper. 

1<M>.  The  Kastwood  tee 
valve  is  a  type  of  screw-down 
valve  having  a  barrel-shaped 

body  with  a  partition  similar 
The  spindle  and  upper  section 
are  similar  in  construction  to  that  of  the  Jenkins  valve^  but 
the  seat  is  made  conical;  the  disk  i$  of  bronze  and  is  made 
with  a  tapered  and  ground  recess  fitting  over  the  beveled 
ground  edge  of  the  seat,  thus  forming  a  tight  joint.  The 
taper  joint  at  the  valve  seat  permits  of  a  tighter  contact 
between  the  disk  and  its  seat  than  can  be  obtained  in  an 
ordinary  flat-seated  valve,  assuming  the  same  force  to  be 
applied  to  the  spindle  in  each  case. 

107.  li^Mi-lwMly  valvets  are  made  similar  in  bt-nsit-tMKl^ 
valve»y  with  the  exception  that  the  seat  is  separate  ;  the 


I 


Fig.  m 


to  that  of  the  globe  valve. 
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i^eat  IS  made  nf  brass  or  hard  motal  secured  to  the  iron  body 
of  the  valve  either  by  pressing  it  in  or  by  a  screw  thread. 
The  seat  is  usually  faced  true  m  place.  The  spindle  box  or 
hub  is  generally  boked  to  the  body  and  packed  with  a  gasket 
tu  form  a  tight  joint.  The  sluffingbox  is  usually  fitted  with 
a  gland  having  sluds  and  nuts  to  compress  the  packing;  a 
yoke  is  used  to  support  the  thread  of  the  spindle* 

108.  Fig.  70  shows,  in  section,  an  iron -body  flanged 
angle  valve  with  a  globe  body.  It  h  made  with  the  outlet  a 
at  right  angles  tu  the  in- 
let  If.  The  seat  c  is  placed 
directly  in  the  inlet  of  the 
valve  and  offers  less  resist- 
ance to  the  fluid  than  the 
seat  of  the  ordinary  globe 
valve.  It  is  therefore  a 
gocjd  valve  to  use  when  the 
conditions  will  permit  this; 
besides,  it  saves  an  elbow 
and  sometimes  a  nipple^ 
because  it  takes  the  place 
of  an  elbow.  Owing  to 
the  long  sptiulle,  the  disk 
is  provided  with  a  gnitle  // 
that  moves  in  a  hole  drilled 
througli  a  spider  e  cast  in 
one  piece  with  ttic  brass 
seat.  The  hole  in  f  is  con- 
centric with  the  valve  seat, 
and  the  valve  disk  /  is  consequently  guided  straight  to  its 
seat.  The  valve  shown  in  Fig.  70  is  intended  for  high- 
pressure  workj  such  as  '^50  pounds  pressure  or  less,  and  is 
tested  to  800  pounds  pressure  by  the  manufacturer. 


Fic.  70 


10®*  The  Y  valve*  shown  in  Fig.  71,  is  a  form  of  valve 
that  is  similar  in  many  respects  to  the  globe  valve,  but 
offers  less  resistance  to  the  flow  of  the  liquid,  as  the  seat  a 
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is  set  at  an  angle  of  about  45 ""  with  the  run  of  the  valve.     It 
is  really  midway  between  a  globe  valve  and  a  straightway 

or  gate  valve-  It  is  i  if  ten 
used  as  a  blowoff  valve. 
This  style  of  valve,  the 
same  as  globe  and  angle 
valves,  can  be  had  with 
the  Fairbanks,  Jenkins, 
or  other  construction  of 
disk. 

IKK  The  iMioklnjEC- 
losii  valve  shown  in 
Fig,  72  is  a  type  of  valve 
that  has  lately  been 
placed    on    the     market. 

It  is  made  in  the  globe  and  angle  patterns,  either  with  a 

renewable    double   disk    or 

wiih    the    Jenkins   type   of 

disk   with    renewable    ring. 

A  peculiar  feature  of   this 

valve   is  that   the   packing 

around    the    valve   stem    is 

dispensed  with,  and  that  the 

valve    disk    does   not   turn. 

The  valve  stem  tt  is  confined 

longitudinally  by  a  collar  ^ 

and    a    nut    r.       A    seat    is 

formed  within  the  hub  f/,  and 

a  hard  rubber  washer  f  is 

fastened  to  the  lower  eud  of 

the  collar  i  by  a  lorknut. 

A  brass  collar/  is  ground  to 

the  upper  end  of  the  collar 

to  form  a  tight  joints  and  is 

prevented  from  turning  by 

two    lugs    entering    corre* 

sponding  grooves  in  the  hub 


Fit,,  r^ 


It  is  thus  seen  that  while  the 
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valve  stem  is  left  free  to  turn,  it  is  confined  longitudinally, 
and  a  steam-tight  joint  is  made.  The  lower  end  of  the  valve 
stem  is  threaded  to  fit  the  socket,  which  has  the  valve  disk 
at  its  lower  end,  the  socket  being  movable  longitudinally, 
but  prevented  from  turning  by  two  opposite  guides  entering 
corresponding  slots  in  the  upper  collar  of  the  socket. 

Packingless  valves  are  very  good  for  air-pressure  or 
vacuum  work,  and  are  superior  to  the  ordinary  packed 
valves,  since  in  the  latter  the  joint  between  the  valve  stem 
and  the  hub  is  hard  to  make  and  keep  air-tight. 

111.  All  the  valves  shown  in  Figs.  67  to  72  are  known 
as  compresBlon,  or  screw-down,  valves. 


GATE  VALVES 

112.  Gate  valves  are  straightway  valves  made  either  as 
sinjarle-^ate  valves,  which  only  bear  pressure  on  one  side, 
and  doable-grate  valves,  which  bear  pressure  on  both 
sides.  Many  forms  of  double-gate 
valves  are  made,  some  of  which 
close  the  opening  in  the  run  of  the 
valve  with  a  solid  wedge;  others 
close  with  a  box  wedge,  and  others 
with  sectional  gates  having  either 
parallel  or  wedge-shaped  seats. 

113.  The  Jenkl ns  g^ate  val  ve, 

shown  in  Fig.  73,  has  a  wedge- 
shaped  body.  An  inclined  guide 
a  at  one  end  forces  the  gate,  or 
disk,  b  to  its  seat  c  when  the 
spindle  is  screwed  down  tight. 
The  disk  is  loose  on  the  spindle  d, 
being  made  with  a  recess;  a  re- 
movable ring  is  secured  to  the 
disk,  the  same  as  is  done  in 
globe  and  angle  valves.  This  is 
a  single-gate  valve,    bearing  pressure 


Fig.  78 


only  on  one  side. 
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114.  The  IjikHow  ^ate  valvo  is  made  with  a  solid 
metal  disk,  and  is  a  loose  disk  valve,  the  disk  being  forced 
against  the  seat  by  a  double  wedge  at  the  back  of  the  disk. 
As  the  disk  is  hung  from  the  wedge,  it  is  lifted  away  from 
thi'  seat  on  oi)ening  and  hence  does  not  slide  upon  the  seat. 
When  it  is  closed,  it  fits  against  a  seat  on  the  valve,  which 
is  at  right  angles  to  the  flow  of  the  liquid. 


11 

gate 


5.  The  Cliapinan  valve,  shown  in  Fig.  74,  is  a  double- 
valve  with  a  solid  or  cored  disk  a  made  tapering,  which 
is  machined  flat  on  the  sides  and 
is  guided  by  a  slot  b  in  each  side 
of  the  disk  fitting  over  a  guide  r 
at  each  side  of  the  valve  body;  the 
disk  seats  against  soft  metallic 
rings  (i,  d^  firmly  embedded  at 
each  side  of  the  opening  in  the 
run  and  faced  off  to  the  same 
taper  as  the  disk.  The  valve 
shown  is  an  iron-body  flanged  gate 
valve.  The  lower  end  of  the  stem 
is  threaded,  and  the  disk  travels 
on  this  thread,  the  stem  being 
prevented  from  rising  by  the 
collar  i\ 


Fk;.  74 


11«.      The     Walworth    lacate 
valvo  is  similar    in  construction 

to  the  Ludlow  valvr,  except  that  the  seat  in  the  body  of 
tile  valvit  is  a  screwed  ring  faced  to  match  the  face  of  the 
disk.  The  Faiirlianks,  the  KiMuuMly,  and  many  other  gate 
valves  are  similar  in  shape  and  general  mode  of  operation 
to  th«»se  described,  ditfering  only  in  minor  details. 

117.  (late  valves  are  used  where  but  little  resistance  to 
I  lie  How  of  the  li(|uid  is  desired,  and  therefore  are  largely 
usrd  on  water  and  exhaust -steam  connections.  When  they 
are   used  f<;r  steam,  however,  the  seats  should  be  made  of 
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bronze  to  successfully  stand  the  high  temperatures.  In  all 
gate  valves,  the  disks  rise  into  the  upper  part  of  the  body 
and  bonnet  to  allow  a  straight  passage  for  the  liquid.  The 
large  sizes  of  gate  valves  are  usually  made  with  a  yoke  and 
outside  screw,  the  spindle  rising  in  a  threaded  hub  at  the 
top  of  the  yoke.  The  rise  of  the  spindle  in  this  form  of 
valve  indicates  whether  the  valve  is  open  or  closed. 


SPECIAL  VAL.VES 

118.  The  elbo-w  valve  shown  in  Fig.  75  is  a  new  type 
of  valve  used  chiefly  for  blow-off  connections  from  boilers, 
but  can  be  used  for  other  purposes.  It 
consists  of  a  screw-down  valve  with  an  in- 
ternally curved  plug  a  having  a  soft-metal 
ring  b  around  it.  The  spindle  construc- 
tion is  similar  to  that  of  the  ordinary 
valve.  The  plug  is  guided  in  its  travel 
by  guides,  not  shown;  they  prevent  its 
turning  and  keep  the  curved  recess  of 
the  plug  in  line  with  the  outlet. 

119.  Tee,  or  cross,  valves  are  simi- 
lar to  globe  valves  and  angle  valves  in 
construction.  The  valve  closes  off  one 
port  in  the  tee,  the  seat  being  placed 
in  the  inlet,  like  in  the  angle  valve. 
They  are  used  in  some  cases  for  mains, 
where  a  connection  is  brought  into  a  ^*"-  "* 
main   line,  or  for  the   steam -pipe   connections  on    boilers. 


RADIATOR  VAL.VKS 


ISO.  Radiator  valves  are  constructed  similar  to  globe, 
angle,  and  gate  valves.  To  suit  special  conditions,  they  are 
made  indifferent  types,  such  as  offset  globe  valves^  offset  angle 
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valves,  corner  valves,  and  corner  offset  valves.  The  principal 
distinguishing  feature  of  radiator  valves  is  that  they  are 
usually  nickel  plated,  and  that  wooden  handles  are  used 
instead  of  metal  handles.  The  nickel-plated  finish  is  applied 
for  the  sake  of  ai)pearance,  because  radiator  valves  are  always 
located  in  the  rooms  to  be  warmed.  The  wooden  wheel 
handles  are  used  to  prevent  the  hands  being  burned  in  oper- 
ating the  valves.  Radiator  valves  can  also  be  had  finished 
in  plain  rough  brass,  or  with  nickel-plated  trimmings,  or 
with  finished  and  j)olished  bodies. 


121.     The  nnirU*  valve  is  most   commonly   used  for  a 
radiator,  because  the  steam  pipe  a.  Fig.   7<i,  usually  comes 

up  through  the  floor 
and  connects  to  the 
end  of  the  radiator, 
as  shown.  The  con- 
nection is  usually 
made  with  a  ground 
coupling  having  a 
hexagon  nut  b. 
The  coupling  tail  c 
is  screwed  into  the 
radiator  tapping, 
and  the  hexagon 
nut  screws  on  to  the 
val  ve. 

Vi2.    The    cor- 
nor  valve  is  made 

similar  to  the  globe 
valve,  ex(.'rj)l  that  the  partition  in  the  body  is  placed  so  as 
t«>  allow  tin-  <»iill<'t  iA  I  he  valve  t«>  l)e  niadc  at  tjiesideof  the 
^li)l)e  body.  C'nrner  valves  are  used  in  i)laces  where  direct 
rnnnectioiis  with  ordinary  valves  cannot  be  made.  The 
offset  globe  valve  is  similar  to  the  angle  valve  in  general 
constructions,  except  that  the  outlet'  is  in  a  line  parallel 
with  thtr  inlet,  but  at  a  lower  level.      It   is  preferable  to  the 
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straightway  globe  valve  in  making  radiator-  connections, 
because  it  admits  of  draining  the  radiator  when  open,  which 
the  ordinary  globe  valve  will  not  do  unless  it  is  placed  with 
the  spindle  horizontal. 

123.  An  ofll^t  comer  valve  is  shown  in  Fig.  77.  It 
is  the  same  in  construction  as  the  offset  globe  valve,  except 
that  the  inlet  a  and  outlet  b  are 

at  right  angles.  It  is  really  an 
offset  angle  valve  with  the  outlet 
at  an  angle  of  90°  to  the  axis  of 
the  inlet  seat  at  the  lower  level. 
The  construction  of  the  working 
parts  is  the  same  as  that  of  any 
globe  valve.  Offset  corner  valves 
are  made  right  hand  or  left  hand 
to  suit  the  connection  in  the 
radiator,  and  are  listed  by  most 
makers.  The  corner  valve  with 
the  inlet  and  outlet  in  the  same 
plane  is  not  made  by  many 
manufacturers. 

FlO.  77 

124.  All  the  valves  men- 
tioned in  the  previous  articles  can  be  obtained  with  special 
key  handles,  and  also  with  a  shielded  stem  that  protects  the 
square  that  the  key  fits,  so  that  they  cannot  be  moved  with- 
out the  key.  These  valves  are  useful  in  schools,  asylums, 
etc.,  as  unauthorized  persons  cannot  meddle  with  them. 
They  are  also  made  with  a  ground  union  joint  for  connect- 
ing.to  the  radiator,  as  shown  in  Fig.  77,  which  makes  it 
easy  to  connect  and  disconnect  the  radiator  without  disturb- 
ing the  pipe  connections. 

125.  The  Univei-siil  radiator  valve  is  a  valve  that  has 
lately  been  placed  on  the  market;  it  is  the  ordinary  type  of 
radiator  valve  of  the  angk  pattern  fitted  with  a  ground 
joint  union  a.  Fig.  7S,  on  the  bottom  and  connected  to  a 
sleeve  b,  which  allows  adjustment  to  any  angle  in  a  hori- 
zontal plane.     The  sleeve  is  made  with  a  female  thread  at 
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the  opposite  end  to  which  the  piping  is  connected.  A 
disadvantage  of  this  vaK-e  is  that  the 
joint  h  on  the  pressure  side,  and,  there- 
fore, if  the  joint  leaks  the  entire  line 
of  piping  will  have  to  be  shut  off  before 
it  can  be  reground. 

120.     The  ColllselreulatlnK  valre 

is  a  valve  by  means  of  which  a  very 
neat  and  sightly  job  can  be  made  of  the 
radiator  connections  in  a  two-pipe  sys- 
tem, as  the  steam  and  return  pipes  will 
be  close  together.  The  general  con- 
struction is  similar  to  that  of  the  offset 
globe  valve;  the  valve,  as  shown  in 
Fig.  79,  has  an  inlet  a  for  the  steam 
and  an  outlet  If  for  the  water  of  con- 
densation; the  nipple  c  is  connected  to  the  radiator.     The 

condensation  is  car- 
ried off  by  a  separate 

pipe.    By  nsin^  this 

valve,  the  necessity 

o  f    having    two 

valves  to  a  radiator 

is  done  away    with 

in  two'pipe  steam- 
heating       systems, 

and   the  circulation 

in    the  heating  sys- 

i  f  m  i  s  ncj  t  i  n  t  e  r  f e  re  d 

with  by  closing  the 

valve,  which  simply 

shuts  off  the  stt:ani 

from   the    radiator. 

At    the    same    time 

the    filling    of    the 

radiator  with  water 

from  the  return  pipe 

is  fibviated,  which  is  likely  to  occur  w^hen  a  radiator  with 
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separate  steam  and  return  valves  is  shut  off  by  closing  the 
steam  valve  only. 

137.  Radiator  gate  valves  are  similar  to  the  gate  valves 
before  described,  except  that  they  have  wooden  wheels. 
The  gate  valve  for  connections  to  radiators  admits  the 
steam  in  a  straight  line  without  the  resistance  offered  by 
the  other  types  of  valves,  allowing  the  water  of  condensa- 
tion to  drain  freely  when  used  with  one-pipe  connection  to 
the  radiators,  for  which  work  it  answers  best  when  the  con- 
nections are  carried  over  the  floor.  They  are  finished  in 
plain  brass,  or  with  nickeled  trimmings,  or  nickeled  all 
over,  and  in  some  cases  are  fitted  with  ground  joint  union 
connections. 


CHECK-VAT.VES 

138.  Check- valves  are  valves  that  permit  a  fluid  to 
pass  through  them  in  only  one  direction ;  they  are  designed 
so  as  to  close  automatically 
whenever  the  flow  of  the  fluid  is 
reversed.  Check- valves  are  made 
in  different  forms,  such  as  ver- 
tical^ horizontal^  angle,  and 
straightiiuiy,  or  swinging,  check- 
valves.  The  first  is  made  with 
a  globe-shaped  body  to  allow  a 
free  passage  for  the  fluid  through 
the  opening  in  the  seat.  The 
partition  has  either  a  tapering  or 
a  flat  seat;  the  disk  is  fitted  with 
a  stem  that  is  supi)orted  by  a 
guide,  so  as  to  keep  it  in  line 
with  the  seat  and  prevent  side 
motion.     In  the  large  sizes  hav-  f»«  ^> 

ing  an  iron  body,  an  opening  giving  acxess  to  the  disk  is 
placed  in  the  side  of  the  iMxly  and  closed  with  a  blind  flange, 
shown  at  a  in  Fig.  SO.  The  snialkr  sizes  are  made  of  brass 
and    can    be    taken    apart    like   a    union.       The    horizontal 
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check-valve  has  a  body  simihir  to  that  of  a  globe  valve;  the 
top  opening  is  closed  by  a  hollow  cap  forming  a  guide  for 

the  short  stern  of  the 
valve  disk,  the  disk 
being  ground  to  the 
seat;  sometimes  the 
disk  is  fitted  with  a 
removable  washer. 

Fig.  81  shows  the 
P*  I  wel  1  c*  h  eek  -  val  v^, 
whose  special  feature 
is  the  exr.ension  it  to 
the  guides  b,  i.  Water 
flows  through  the 
check-valve  in  the 
direction  shown,  but 
cannot  return.  The 
an^le  check  is  similar 
in  constriicti<vn  to  Fig,  81,  except  that  the  body  of  the  valve 
is  the  siime  as  that  of  the  ordinary  angle  valve,  and,  like  the 
angle  valve^  it  saves  an  elbow, 

139,  The  ^vln^  eheek-valve  is  made  different  from 
the  globe  check- valve;  it  has  a  more  direct  water  passage^ 
and  is  easier  to  open. 
Fig.  82  shows  the  Bam- 
htun  gtwSii^  clieclt- 
valve.  The  disk  a  is 
carried  by  a  lever  ^that 
swings  on  a  pivot  t\ 
The  disk  iits  the  lever 
arm  loosely  and  is  thus 
allowed  to  rotate  and 
seat  itself  on  the  angular 
partition  of  the  valve. 
An  advantage  o£  this 
form  of  swing  check  is 
that  an  ordinary  mechanic  can  reseat  the  valve  by  unscrewing 
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the  cap  d  and  inserting  a  valve-facing  tool.     It  also  has  a 
removable  disk,  as  shown. 

130.  The  lock  check-valve  is  a  straightway  valve  that 
is  a  combination  check-valve  and  stop-valve.  It  has  a  swing 
check-valve  that  can  be  partially  or  entirely  closed  by  a 
threaded  spindle  carrying  a  hand  wheel.  From  this  it  fol- 
lows that  the  amount  of  fluid  passing  through  the  valve  can 
be  regulated  by  means  of  the  adjusting  spindle. 

131.  Check-valves  are  very  useful  in  steam-heating 
work,  as  they  prevent  a  return  of  steam  or  water,  which 
often  happens  when  unequal  pressures  prevail  in  different 
pipes.  They  form  a  proper  seal  without  offering  much 
resistance.  The  best  check- valves  for  return  pipes  are  those 
that  are  as  nearly  self-draining  as  possible.  The  horizontal 
swing  valves  having  a  straightway  passage  should  therefore 
be  used.  The  lift  check  with  the  globe  body  is  not  suitable 
for  such  work,  because  the  partition  in  the  body  forms  a 
pocket  or  trap.  Vertical  check-valves  are  occasionally  used 
in  making  vertical  connections  to  boilers,  but  are  not  rec- 
ommended, as  it  is  very  difficult  to  remove  them  when  so 
placed.  The  horizontal  swing  checks  can  be  used  vertically, 
although  this  practice  is  not  recommended. 
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STEAM-FITTING  ACCESSORIES 


DEVICES  FOB  REGULATING  THE  FLOW 
OF  FLUIDS 


BEGUIiATING    VALVES 


BUTTERFLY  VALVES 

1,  Butterfly  valves  are  simple  dampers  that  are  mostly 
used  to  shut  off  or  regulate  currents  of  air  in  air  pipes  for 
blower  work,  or  to  deflect  the  air  into  other  channels,  but  a 
few  of  these  valves  are  used  in  steam  work  to  deflect  the 
steam  into  other  channels.  They  are  not  steam-tight  and 
cannot  be  properly  regulated;  therefore,  they  are  seldom 
used  in  steam  work. 

BACK-PRESSURE  VALVES 

S.  Purpose. —  Back-pressure  valves  are  intended  to 
preserve  a  back  pressure  on  steam  engines,  so  that  the 
exhaust  steam  can  be  deflected  into  heating  systems.  They 
are  adjustable  for  different  pressures.  Back-pressure  valves 
should  offer  little  resistance  to  the  flow  of  steam,  and  at  the 
same  time  should  be  capable  of  relieving  the  pressure  when 
more  steam  is  discharged  from  an  engine  than  can  be  con- 
densed in  the  system ;  also,  they  should  be  as  noiseless  as 
possible  in  their  operation.  In  order  to  create  a  back  pres- 
sure OB  an  engine,  the  back-pressure  valve  is  placed  in  the 

§23 

For  notice  of  copyright,  see  page  immediately  following  the  title  page. 


2 


STEAM-FITTING  ACCESSORIES 


23 


exhaust  pipe,  and  the  connection  to  the  steam-heating  sys- 
tem leaves  the  exhaust  pipe  between  the  back-pressure 
valve  and  the  engine. 

3.  Back-pressure  valves  are  made  both  for  a  horizontal 
and  for  a  vertical  run  of  exhaust  pipe,  and  can  only  be  used 
for  the  run  for  which  they  are  designed.  While  each  maker 
has  a  different  design,  all  the  valves  operate  on  similar  prin- 
ciples; they  consist  essentially  of  a  valve  of  suitable  form 
closing  an  opening  to  the  atmosphere  by  a  weight  on  the 
end  of  a  lever.  By  changing  the  position  of  the  weight,  its 
effect  on  the  valve,  and  hence  the  pressure  at  which  the 
valve  opens  to  the  atmosphere,  can  be  adjusted  to  suit  the 
requirements  of  the  engine  and  of  the  heating  system. 

4,  Construction. — The  simplest  form  of  a  back-pressure 
valve  has  only  one  seat;  such  a  valve,  known  as  the  Kleley 
8lu«:le-seatcil  back-pii^ssure  valve,  and  being  of  the  hori- 
zontal pattern,  is  shown  in 
Fig.  1.  Itconsi^tsof  a  valve 
body  similar  to  that  of  a 
globe  valve.  The  valve 
disk  a  is  held  to  its  seat  by 
the  weight  b  on  the  lever  c\ 
this  lever  has  its  fulcrum  at 
the  standard  li  and  rests  on 
the  valve  stem  e.  The 
effect  the  weight  has  on  the 
valve  dei)cnils  on  the  ratio 
between  the  distance  from 
the  weight  to  the  fulcrum 
and  the  distance  from  the 
valve  stem  to  the  fulcrum; 

in  order  to  obtain  a  satisfactory  range  of  i)ressures  with  a 
slu)rl  Icngtli  of  lever  and  small  weight,  the  fulcrum  end  of 
the  Icvt-r  and  the  standard  have  three  holes  each,  as  shown. 
\^\  putting  the  fulcrum  j^n  into  a  different  hole,  the  dis- 
tance from  the  valve  stem  to  the  fulcrum  is  changed,  and 
hence  the  effect  of  the  weight  on  the  valve  is  correspondingly 


Fig.  1 
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altered.  The  exhaust  pipe  leading  to  the  atmosphere  is 
bolted  to  the  flange  g.  The  steam  flows  through  the  valve 
in  the  direction  of  the  arrows. 

Kieley  back-pressure  valves  are  fitted  with  a  dashpot,  to 
prevent  the  slamming  of  the  valve  in  seating  itself.  This 
consists  of  a  piston /*  attached  to  the  valve  disk  and  working 
in  a  cylinder.  The  space  in  the  cylinder  above  and  below 
the  piston  is  filled  with  water;  the  two  spaces  communicate 
through  a  small  hole  drilled  through  the  piston.  When  the 
valve  commences  to  close,  due  to  a  drop  in  the  back  pres- 
sure, the  water  below  the  piston  /  can  only  escape  slowly 
through  the  hole,  and  consequently  the  valve  will  seat 
without  a  shock. 


5.  Many  back-pressure  valves  are  made  doKble-scated; 
they  have  the  advantage  of  giving  an  opening  equal  to  the 
area  of  the  exhaust  pipe  with  a  smaller  movement  of  the 
valve  than  is  required  with  a  single-seated  valve,  and  of 
requiring  but  little  force  to  close  them.  They  are  made  f()r 
vertical  and  horizontal  runs. 

Fig.  2  shows  the  vertical  pattern  of  the  Davis  double- 
seatcMl  brtck  -  pressure  valve.  The  valve  proper  con- 
sists of  two  disks  a  and  b 
having  projections  that 
serve  to  guide  the  disks; 
both  disks  are  fastened  to 
the  same  stem.  The 
disks  differ  in  diameter; 
they  are  held  to  their 
.seats  by  a  weight  c  on  the 
lever  d.  As  the  steam 
pressure  acts  only  on  an 
area  equal  to  the  differ- 
ence of  the  areas  of  the 
two  valves,  only  a  small 
weight  is  required  to  close  ^'®'  ^ 

the  valve  promptly.      The  exhaust  steam  enters  at  the  bot- 
tom; on  the  pressure  in  the  exhaust  pipe  becoming  greater 
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than  that  for  which  the  valve  is  set,  it  opens  the  valve  and  the 
steam  passes  through  the  two  ojyenings  between  the  disks 
aiul  their  seats  to  the  top,  as  shown  by  the  arrows,  and  thence 
to  the  atmosphere. 

(>.  The  C-niiie  baek-pi-esHure  valve  differs  from  those 
previously  descril;etl,  in  that  the  valve  projHir  is  in  the  form  of 
a  hollow  piston  closed  on  one  end  and  sliding  in  a  cylinder. 
Ports  are  cut  through  the  sides  of  the  piston.  When  the 
pressure  in  the  exhaust  pipe  is  below  that  for  which  the 
valve  is  set,  the  piston  is  far  enough  inside  the  cylinder  to 
close  the  ports.  The  piston  is  held  in  this  position  by  a 
bell-crank  lever  carrying  a  weight  on  its  vertical  arm, 
which  extends  downwards.  On  the  pressure  rising,  the 
steam  pushes  the  piston  upwards,  and  swings  the  bell-crank 
around  until  the  ports  are  uncovered;  as  soon  as  the  pres- 
sure drops,  the  weight  tends  to  return  to  its  lowest  position, 
and  thus  closes  the  ports  through  the  piston.  Since  this 
valve  has  no  scat,  there  is  no  possibility  of  a  slamming 
noise  occurring  when  the  valve  closes. 

7.  The  Standai'd  baok-pivssiire  valve  is  similar  to  a 
swing  che('k-valvr ;  the  valve  disk  is  attached  to  a  shaft  to 
which  is  keyed  a  lever  outside  the  valve  body  and  carrying 
a  movable  weight,  which  holds  the  valve  to  its  seat. 

S.  Hack- pressure  valves  are  also  attached  to  the  con- 
denser of  a  condensing  steam  engine;  they  are  then  set 
to  open  at  a  pressure  slightly  in  excess  of  that  of  the  atmos- 
pjiere.  Their  purj)ose  is  to  i)revent  an  overpressure  in  the 
Condenser,  in  which  case  the  valve  opens  and  allows  the 
exhaust  steam  to  esea])e  to  the  atmosi)her(\  As  these  valves 
relieve  the  coiuh-nser,  they  are,  when  used  for  this  purpose, 
generally  called  ivllcf  valves,  and  not  back-pressure  valves. 


!>•  rui'poso. — Pivssuiv-re^uhitlnj^  valves,  also  called 
pivssuro-ivdiichij^  valvos,  are  used  on  steam-heating  and 
power   systems   to   maintain    a   low   pressure   in   one   pipe 
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while  a  high  pressure  is  beinj*^  carried  in  a  connecting  pi[)e. 
There  are  v^arious  ways  of  making  valves  for  this  i)urpose, 
depending  on  the  use  for  which  the  valve  is  intended.  Some 
of  these  valves  are  weighted,  while  others  are  loaded  by 
springs. 

1<>.  Wclffhtod  Koducln^  Valves.  —  The  Kleley 
••1898"  reducing:  valve  is  designed  to  reduce  the  pres- 
sure on  heating  systems  where  a  pressure  but  little  above 
that  of  the  atmosphere  is  required,  while  a  high  pressure  is 
carried  on  the  supply  main  for  engines  and  pumps.     This 


Fig.  .^ 

valve  is  made  with  aii  inlet  port  a,  Fig.  3,  smaller  than  the 
outlet  port  b.  Owing  to  the  steam  tlowing  into  a  larger 
space,  it  expands  and  loses  in  [irt-ssure,  which  varies  inversely 
as  the  volume;  a  great  reduction  in  jiressure  is  thus  obtained 
even  when  the  regulating  valve  is  wide  open.  The  valve 
65—6 
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itself  is  a  (U)ul)lc-seatecl  balanced  valve;  the  two  disks  c  and 
d  arc  very  nearly  the  same  size,  so  that  a  very  little  force 
closes  or  oi)ens  the  valve.  The  s[)indle  attached  to  the  disks 
passes  into  a  diaphragm  chamber  c  and  is  connected  to  a 
lar^e,  flexible  diaphragm,  the  bottom  of  which  is  in  commu- 
nication with  the  low-pressure  main  thiough  the  so-called 
balance  pii)e  f.  A  weighted  lever  g  j)assing  through  a  slot  in 
the  sj)indle  holds  the  valve  open,  and  by  shifting  the  weight  // 
the  pressure  to  which  the  steam  is  reduced  is  changed. 

Jl.  The  operation  is  as  follows:  When  steam  is  turned 
on,  the  valve  is  wide  oi)en  at  first.  As  the  pressure  rises  on 
the  side  h,  it  extends  through  the  pipe  /  to  the  bottom  of 
the  diaphragm,  |)ressing  the  latter  upwards.  When  the 
pressure  has  risen  enough,  it  overcomes  the  effect  of  the 
weight  //  and  the  valve  partially  closes ;  the  openings 
through  which  the  steam  |)asses  to  the  low-pressure  side  are 
thus  made  smaller  and  the 
slrani  is  throttled^  i.  e.,  re- 
ihncd  in  pressure.  In  a  few 
seconds  I  he  valve  <<>mes  to 
rest  in  a  position  where  the  up- 
ward force  on  the  diaj)hragm 
and  I  he  d<»\vn\var<l  force  due 
to  ilii-'wri^lii  arc  njual.  The 
viilvi-  retains  tliis  p<»silion  until 
I  lie  iir.>>,iirr  on  the  low-i)res- 
snrc  >i(lf  chaniics.  Supi)ose  it 
l)cc'»nirs  l^•«^s;  lh(*  weight  then 
for«rs  ilir  (liaphraj^ni  <lown  and 
hcnc<'  ojK-ns  tlu-  valve  more, 
I  bus  adnn'ltin;;  more  steam 
until  I  he  ]»r(>Nurt'  has  again 
ri^i  II  ti»  tlir  poiiii  where  the 
u  J 'Ward  an<l  downward  forces 
oil    ihc-   diaplirai^ni   arc   f<|ual. 

l*i,     l'«)r  a  niodcratt*   diiVerencct    in    jiressures,   reducing 
valves  are   made  with  the  same  size  inlet    and  outlet,   as 
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shown  in  Fig.  4.  The  construction  is  such  that  the  up|>er 
side  of  the  diaphragm  receives  the  pressure  uf  the  low- 
pressure  side  a\  ihe  weight  acts  on  the  lower  side  of  the 
diaphragm.  This  construction  obviates  the  need  of  a 
balance  pipe.  The  operation  of  this  valve  is  essentially 
the  same  as  that  of  the  valve  previously  described,  except 
that  the  valve  proper  moves  ufi  to  open  and  down  to  close 
the  steam  outlets. 

13*  For  work  where  the  ratio  of  the  pressures  on  the 
receiving  and  delivery  side  of  the  valve  is  very  small — as 
occurs,  for  instance,  in  a  plant  where  compound  and  simple 
eng-ines  draw  steam  from  the  same  battery  of  boilers,  and 
where  the  steam  pressure  used  for  the  comjjound  engine  is 
too  high  fur  the  simple  engine — the  Kieley  reducing  valve  is 
made  without  a  diaphragm;  a  small  [>iston  is  substituted  for 
the  latter  and  a  dashptjt  similar  to  that  shown  in  Fig*  1  is 
fitted  to  prevent  too  rapid  a  motion  of  the  valve. 


Pk,  ft 
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14,    The  Dfivis  iirese^ui^-reiufiilatini^  valve,  shown  in 
section  in   Fig.  5   {a)  and  in  full  in   t^),  is  a  double -sea  ted 
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valve  in  which  the  diaphragm  is  omitted  and  a  piston  a 
working  in  a  cylinder  b  is  used  instead.  The  piston  is  made 
tight  by  being  steam  packed,  which  means  that  a  number  of 
sharp-edged  concentric  grooves  are  turned  in  it,  which  fill 
with  water  and  prevent  the  steam  from  passing.  A  weight 
on  the  lever  c  tends  to  close  the  valve;  the  steam  pressure 
on  the  under  side  of  the  piston  a  tends  to  open  it.  The 
operation  of  the  Davis  valve  does  not  differ  from  that  of 
the  Kieley  valve  shown  in  Fig.  3.  To  prevent  rapid  move- 
ment and,  consequently,  slamming  of  the  valve,  a  dashpot  d 
is  fitted. 

15.  SprinjiT-Ijoaded  llcMlueing:  Valves. — The  Foster 
**  CUi-ss  W^  rtHlucinj?  valve  belongs  to  the  type  in  which 
the  weight  is  replaced  by  a  spring.  The  valve  proper  is 
double-seated,  as  shown  in  Fig.  G,  and  hence  is  very  nearly 


iM^ 


balanced.  The  high-pressure  steam  enters  at  a\  the  steam 
on  the  low-pressure  side  /;  enters  the  diai)liragin  chambers 
through  a  small  port.  In  order  to  give  a  large  movement 
of  the  valve  with  a  small  movement  of  the  diaphragm,  the 
valve  is  attached  to  levers  J,  d  operated  by  the  diaphragm* 
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The  pressure  on  the  under  side  of  the  diaphragm  tends  to 
force  it  upwards,  thus  closing  the  valve ;  this  is  resisted  by 
the  springs  /,/  acting  through  the  togglejoint  i\e.  The 
tension  of  the  springs  is  changed  by  the  nut  g\  by  this 
means  the  valve  is  set  for  different  pressures.  In  order  to 
extend  the  ratio  between  the  receiving  and  delivery  pres- 
sures, the  port  leading  to  the  diaphragm  is  made  adjustable 
in  area  by  a  screw  valve  //,  by  which  means  the  steam  enter- 
ing the  chamber  can  be  reduced  in  pressure. 

Since  this  valve  is  without  a  weight,  it  can  be  used  on 
steam  vessels,  as  it  is  not  affected  by  the  rolling  and  pitching 
of  the  vessel.  The  valve  has  a  low-pressure  outlet  at  h  for 
a  horizontal  run;  the  low-pressure  piping  can  be  attached 
at  the  bottom,  however,  in  which  case  the  blank  flange  i  is 
bolted  over  the  opening  b. 


AIR   VAIiVT5S 
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16.  Air  valves  and  cocks  provide  for  the  escape  of  air 
from  radiators,  tanks,  etc.,  where  steam  is  used  for  heating. 
The  valves  are  usually  automatic,  having  an  expansion 
device  to  close  the  valve  when  its  temperature  has  reached 
the  temperature  of  the  steam.  Some  of  these  are  fitted 
with  a  float  device;  when  water  accumulates  in  the  valve 
by  condensation,  or  is  drawn  in  by  capillary  attraction  and 
by  the  velocity  of  the  air  discharge,  the  device  will  close  the 
valve  until  the  pressures  are  equalized  in  the  valve,  and  the 
water  falls  back  into  the  radiator  by  gravity. 


AUTOMATIC  ATR-ESC'APK  VALVES 

17.  The  Ondewlonk  air  valve,  shown  in  Fig.  7,  con- 
sists of  a  metal  body  having  a  metallic  spring  r  placed  in  the 
case;  a  chamber  is  connected  to  the  body.  This  chamber 
has  at  its  upper  end  a  small  opening  fitted  with  a  threaded 
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sleeve  liavinj^  a  port  through  it  and  a  seat  for  the  valve  b. 

The  valve  consists  of  a  metal 
rod  extending  through  the 
spring,  with  a  shoulder  to 
admit  of  the  expansion  of 
the  spring  lifting  the  rod  to 
close  the  port;  a  float  a  is 
fastened  to  the  rod,  so  that 
water  accumulating  in  the 
casing  or  chamber  will  lift 
the  rod  and  close  the  port 
inde[x;ndently  of  the  spring. 
While  the  valve  is  open,  the 
air  escapes  through  a  hole  in 
the  cap  c.  When  the  steam 
reaches  the  spring  ^'j  the  heat 
causes  it  to  bend  upwards, 
vu\.  7  thus  closing  the  valve.     The 

sprini»    is    ni:nU'   <»f    two   different    mrtals    firmly    soldered 

logctlur;     each  metal  expands  a 

different    amount     when    heated, 

thus  rausing  the  spring  to  bend. 

IS.  The  Davis  valv<»  is  simi- 
lar tn  tlu-  <)nderd<»nk,  except  that 
llic  stt-ni  (I,  iMg.  S,  ihat  tarries  the 
lloal  is  made  (>f  vul<*anized  rubber. 
The  stem  expands  when  llie  steam 
readies  il,iiiid  the  valve  thusdoses. 
Tile  l)oit«)ni  <»t  the  stem  is  confined 
side  wise  by  the  j)in  /' ;  the  Stem, 
while.'  I  lie  valve  is  free  ir^ni  water, 
rests  MM  tin-  perforated  .spider  c. 
In  this  valve,  as  in  all  nthers,  the 
sl«'eve  ^/ is  threaded  t«)  provide  f<>r 
prupj-r  adjustment,  so  that  the 
port  will  be  elostrd  upon  expan- 
sion of  tin:  stem  a.  Fio.  8 
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19.     The  Tui  AvJkea  ^«1ti^« 

shown  in  Figr.  >,  diSeis  frxz 
the  DaTis  Talre  ciieflr  is  tiAt 
the  flciat  tf  is  doc  iasitatd  t«>  ibe 
expansion  stem  K  but  sEmp^T 
rests  on  top  of  it.  In  order  lisai 
the  valve  mar  not  benMDe  cb-:^ked 
with  water,  an  eqnaliring  tabe  r 
leads  to  nearly  the  top  of  the  cas- 
ing ;  steam  from  the  radiator  fl-:-ws 
through  this  pipe  and  insures  that 
there  is  a  steam  pressure  in  the 
top  of  the  casing  equal  to  that  in 
the  radiator.  In  consequence  of 
the  equality  of  pressures,  any 
water  carried  into  the  valve  can 
drain  back  into  the  radiator  by 
gravity  through  the  channel  J. 

20.  The  Roflsell  Tmlve,  shown 
in  Fig.  10,  differs  radically  from 
those  previously  described.  It 
contains  a  closed,  hollow,  copper 


Pio.  10 


Fig.  9 

float  it  having  corrujrated  ends, 
the  needle  valve  l>  beinjj  sk^Klered 
to  the  top  head.  The  fliv;it  is 
partially  filled  with  alcohol  and 
normally  rests  on  the  bar  r. 
When  the  air  has  passed  out  and 
steam  reaches  the  float,  its  heat 
vaporizes  some  of  the  alci^liol 
and  causes  a  pressure  in  the  float, 
which  forces  the  heads  outwards, 
thus  elongatinj^:  the  fli>at  and 
seating  the  needle  valve.  In  i  asc 
a  slug  of  water  enters  the  valve, 
it  buoys  up  the  float  antl  thus 
closes  the  valve.  The  water  col- 
lecting  in   the    pocket    </  drains 
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hack  iiUo  the  radiator,  since  steam  entering  through  the 
upper  passage  c  estahlishes  a  pressure  above  the  water 
equal   to  that  in   the   radiator. 

31.  The  lilbra  automat ie 
air  valve,  shown  in  Fig.  11, 
is  operated  by  the  expansion 
of  air  when  heated.  It  con- 
tains a  float  n  open  at  the 
bottom  and  carrying  thr 
needle  valve  d  at  the  top: 
the  lower  end  of  the  float  is 
sealed  by  water.  When  the 
valve  is  cold,  the  float  is 
down  and  the  little  port  at 
the  top  open  for  the  discharge 
of  air;  when  steam  reaches 
the  float,  it  expands  the  air 
contained  therein,  and  causes 
the  float  to  rise,  thus  closing 
the  air  outlet.  When  the 
heat  subsides,  the  air  in  the 
float  contracts  and,  conse- 
quently, the  float  drops, 
again. 


FIG.    11 


thus   ()i)ening    the    air   outlet 


AlTOMAriC    AIH   VAIA'KS   WITH  DRIP  CONNECTION 

■i'i.  l*urpos<». — The  air  valves  described  in  the  preceding 
arlirks  arc  dcsij^iK-d  to  prevent  the  escape  of  water  from  the 
radiatnr  throiinli  ilu*  air  outlet,  for  the  purpose  of  overcoming 
the  dan^i-r  of  spoiling  the  floor,  eeiling,  and  furniture  by 
the  tscapiii;.!:  water.  A  somewhat  different  class  of  auto- 
mat ir  air  valves  is  designed  to  permit  the  escape  of  both 
air  and  wat«-r,  <*l()sini;-  automatically  when  reached  by  dry 
steam.  A  drij)  ])\\)c  is  attacluid  t<^  the  air  outlet  to  carry 
away  the  water  diseharj^ed  and  the  disagreeable  odors  so 
f'onimon  to  air  vents. 
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23.  Construction. — The  Breckenridgre  valve,  shown 
in  Fig.  12,  belongs  to  the  class  mentioned  in  the  preceding 
article.  The  valve  a  is  fastened  to  a  brass  spring  b  bent  as 
shown;  when  the  whole  valve  is  cold  the  valve  a  is  away 
from  its  seat,  and  air  and  water  can  discharge  freely  into 
the  drip  pipe  c.  When  steam  reaches  the  spring,  the  heat 
causes  the  spring  to  curve  more,  which  draws  the  valve  a 
to  its  seat  and  thus  closes  the  outlet. 


Fig.  12 

24,  The  Baker  valve,  shown  in  Fig.  13,  (]ei)ends  for  its 
action  on  the  difference  in  e-\{)ansi()n  of  brass  and  iron, 
the  brass  expanding  more  than  the  iron.  The  casing  a  is 
wrought  iron;  the  brass  exj)ansi()n  pii)e  /;  is  screwed  into 
the  valve  body  c  In  line  with  the  drip  outlet  d.     The  upper 
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end  of  b  is  beveled,  as  shown;  upon  expanding  it  bears 
against  the  ball-shaped  end  of  the 
screw  c,  thus  closing  the  outlet.  The 
adjustable  screw  c  is  protected  by 
the  bonnet  /,  which  prevents  unau- 
thorized j^rsons  from  meddling  with 
the  adjustment,  and  at  the  same  time 
makes  a  neat  finish. 

25.     The    Marslx  "Paul"  valve, 

shown  in  Fig.  14,  has  a  vulcanized- 
rubber  expansion  pipe  a  having  a 
cone-shaped  end ;  this  expansion  pipe 
is  carried  by  the  adjusting  plug  b. 
The  conical  seat  c  is  formed  in  the 
casing,  and  the  air  and  water  dis- 
charge through  the  hole  through  a 
downwards  into  the  drip  pipe  d^  as 
shown  by  the  arrows.  Owing  to  the 
position  of  the  adjusting  plug,  it  is 
well  protected  against  meddling  when 
the  valve  is  connected  up. 

20.     The  Jc'nkins  valve  has  a  solid  vulcanized-rubber 

t-xpansion  plug  iJ  i)laced 
horizontally,  as  shown  in 
Fij^.  IT).  This  plug  is  set 
rigidly  into  llic  adjusting 
ping  h\  its  end,  whtMi  I'x- 
pandfd,  bears  against  the 
raised  Hat  seat  at  c.  The 
(Irij)  pipe  ti  is  (M)nnected  to 
I  lie  uni<>n  shown. 

27.  Drip  C  lip.  —Instead 
of  connecting  the  drip  out- 
let to  a  drij)  pi])e  to  carry 
away  any  water  discharged 
from  the  air  valve,  a  drip 
cup  is  sometimes  attached 


Fig. 14 


Fig.  16 


8^3 


STEAM-FITTING  ACCESSORIES 


15 


to  the  valve.  This  is  simply  a  ciip  shaped  vessel  open  at 
the  top  and  having  a  central  threaded  stem  for  attaching  it 
to  the  drip  autlet*  The  cup  is  intended  to  empty  itself  by 
the  slow  evaporation  of  the  water  discharged  into  it;  con- 
sequently, if  the  water  enters  the  cup  fasjter  than  it  evap- 
orates, the  cup  will  overflow.  Furthermore,  with  a  drip  cup^ 
an  well  as  with  air  valves  without  drip  connection,  the  air  is 
discharged  directly  into  the  room.  Incase  the  water  in  the 
boiler  is  foul,  this  air  will  have  a  noxious  odor,  which  is 
another  objection  to  the  use  of  the  drip  cup. 


Aiit  cor KS 
28*     An  jdr  eoi'k  is  used  for  the  same  purpose  as  an 
automatic  air  valve,  but  as  it  is  not  automatic  in  its  action, 
it  is  in  that  respect  inferior.     It  must  be  used  where  high- 
pressure  steam  is  em- 
ployed   for    heating, 
where  the  variation  in 
temperatures  is  such 

I  as  to  rapidly  destroy 
the  expansion  devices 
of  automatic  air 
valves.  It  is  also 
largely  used  on  work 
lirhere  cheapness  is 
more  essential  than 
quality. 

29.    The    three 

Buiost  common  forms 

of  air  cocks  are  shown 

jin  Pig.  X6,  where  {n) 

illustrates    the    tee- 

ili ji  ml  1  e    eoc^k ,    m  ost 

|c  o  m  m  o  n  1  y  known 

a  petcock.     This  *^0'  w 

brass  plug  cock  having  a  metallic  handle,  and  is  open  to 
same  objection  existing  against  all  plug  cocks  used  for 
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steam  work;  namely,  that  the  plug  will,  after  some  use, 
stick  so  tightly  to  the  shell  as  to  make  it  very  difficult  to 
open  or  close  it.  The  better  classes  of  air  cocks  are  made  in 
the  form  of  an  angle  valve,  as  shown  in  Fig.  16  (If),  and  are 
known  as  c'oiiipivssloii  nir  valves.  A  wooden  hand  wheel 
allows  the  valve  to  be  operated  while  hot  without  the  danger 
of  burning  the  fingers.  The  air  cock  shown  in  Fig.  Ht  (i) 
is  known  as  a  look -shield  eoek ;  it  is  of  the  compression 
type  and  is  operated  i)y  a  removable  key,  shown  in  Fig.  16  {(/), 
which  has  a  scpiare  socket  fitting  the  square  end  of  the  valve 
stem.  It  is  used  where  it  is  deemed  advisable  to  prevent 
unauthorized  persons  from  meddling  with  the  radiator,  as  in 
schools,  churches,  and  other  public  buildings. 


STEAM    TllAPS 


INTR<)I>l'^CTIOX 

tW.     Piiri)(>se. — The  water  of  condensation  occurring  in 

stcani-Iu-ating  syslrnis  and  steam  pi{)ing  in  general  must  be 
ailowcd  to  escape  freely,  both  in  order  to  admit  uncondensed 
steam  and  also  to  prevent  an  ae(uimn]ation  of  water  that 
may  j)ro(hi(H'  riv/Ar  haninicr.  The  use  of  an  open  drain 
pil)r  for  this  purpose  is  very  ol)je(niona])]e,  as  it  will  allow 
steam  to  escape  as  well  as  water;  to  prevent  the  escape  of 
steain  and  at  \\\v.  same  time  to  allow  the  water  to  escape 
freely,  <leviees  known  as  st<'aiii  tnii>s  are  em]>loyed. 

t$l.  (Massiftration.  -Steam  trai)s  are  divided  into  three 
general  classes  known  as  wntcr-scal  traps^  discharge  traps^ 
and  stcajfi-j't  /urn  trnf^s. 

IV^.  \VaUM*-s<'al  and  dis<»liar^<*  tiiii>s  only  allow  the 
t'ondensird  si<'ain  to  drain  int<»  a  place  where  the  pressure  is 
lower  than  that  to  which  the  trap  is  subjoeted,  as,  for 
instance,  into  the  atmosphere.  They  cannot  raise  the  water 
to  a  height  greater  than  that  corresponding  to  the  pressure 
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in  the  system  they  drain,  which  height,  in  feet,  is  theoreti- 
cally 2.3  times  the  steam  pressure,  and  may  be  taken  in 
practice  as  1.4  times  the  steam  pressure,  in  pounds  per 
square  inch.  Thus,  with  a  pressure  of  2  pounds  in  the 
system,  the  water  cannot  be  forced  to  a  greater  height 
than  ti  X  2.3  =  4.6  feet.  This  is  the  ma.ximum  height, 
but  the  working  height  should  not  exceed  2x1.4  =   2.8  feet. 

33.  llcturn  trai)s  are  designed  to  discharge  the  water 
into  vessels  having  a  pressure  greater  than  that  in  the  sys- 
tem drained  by  them,  as,  for  instance,  when  the  water  is  to 
be  returned  to  a  high-pressure  boiler.  They  can  also  be 
used  to  elevate  the  discharged  drain  water  to  heights 
beyond  the  capabilities  of  the  discharge  trap. 


THE  WATER-SEAI.  TR.Vl* 

34,  A  water-seal  trap,  often  called  a  siplion  trai>,  is 
shown  in  Fig.  17.  It  is  made  entirely  of  pipe  fittings  and 
pipe.  The  drained  water  enters  through 
a  and  leaves  through  b.  The  water  con- 
tained in  the  trap  is  forced  up  the  leg  d 
and  down  the  leg  r,  overflowing  into  b 
whenever  the  pressure  in  a  rises  enough. 
An  air-vent  pipe  e  preveijts  any  possible 
siphonage.  The  use  of  this  trap  is 
limited  to  very  low-pressure  steam-heat- 
ing systems,  and  its  operation  is  so 
unsatisfactory  that  its  use  cannot  be 
recommended. 


mx^ 
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TUB  ]>ISC:II.VKGK  TRAP 

JJ6.     TypcH. — There  arc    three  types 
of     discharge     traps    in     common     use, 
known,  in  accordance   with    their   oper-  • 
ating  device,  as  bucket  traps ^  float  traps^  and  expansion  traps. 


^ 


Fig.  17 
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•MJ.  JJiiokot  Tiiiiw. — The  trap  shown  in  Fig.  18  belongs 
to  the  bucket- trap  type.  Fig.  18  (n)  is  a  vertical  section 
throuj^h  the  center  of  the  outlet,  and  (d)  a  perspective  out- 
side view.  It  consists  of  a  receptacle  a  to  catch  the  accu- 
mulated water  and  is 
fitted  with  a  remov- 
able end  plate  to  which 
the  inlet  and  outlet 
connections  are  made, 
and  to  which  the  oper- 
ating mechanism  is 
secured.  The  float,  or 
bucket,  d  is  open  and 
hinged  to  the  end 
phite  of  the  trap;  the 
valve  spindle  c  is 
hinged  to  the  float 
and  works  in  a  sleeve  d, 
which  acts  as  a  siphon 
and  has  a  seat  at  the 
upper  end  for  the 
pointed  valve;  this 
sleeve  is  screwed  into 
the  discharge  port  e  of 
the  trap.  A  by-pass 
valve  /  is  arranged  in 
the  body  to  allow  steam 
to  be  blown  through 
into  the  discharge  pipe 
to  clear  it  of  obstruc- 
tions. The  trap  is 
caused  to  act  l)y  the  accumulating:  water  entering  through 
the  inlt.-l  poll  ,;'■,  P'ij^.  IS  (/'),  and  llowin^  over  the  sides  of  the 
lloat.  ihns  ean.sjnj;  ii  to  sink  and  drawinj^'  the  spindle  and 
valve  fruni  I  Ik-  seal,  a!l«)win)L«:  the  steam  pressure  to  drive 
tJK'  water  out  nf  the  buck<"l  throuj»:h  the  outlet  port  until 
the  buoyant  etVect  of  the  water  outside  the  bucket  again 
cl<;ses  the  valve.      J^'or  low  i)ressures  a  balanced  valve  is  used. 
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37.  Fig.  19  shows  the  Nason  trap.  The  bucket  ^  floats 
in  the  water,  holding  the  end  of  the  spindle  b^  which  is 
made  with  four  wings,  against  the  seat  in  the  cover.     The 
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water  entering  the  inlet  chamber  c  from  the  inlet  d  passes 
through  an  opening  c  into  the  body  of  the  trap.  A  dia- 
phragm f  to  diffuse  the  water  towards  the  sides  is  placed 
beneath  the  opening,  so  that  the  water  will  fill  the  body 
and  overflow  into  the  bucket,  which  opens  the  valve  by  fall- 
ing. The  water  in  the  bucket  is  forced  by  the  steam  pres- 
sure through  the  sleeve,  around  the  spindle,  and  through 
the  discharge  chamber  into  the  discharge  pipe  connected 
at  g.  A  by-pass  A  is  provided  at  the  top  to  allow  steam  to 
be  blown  through  the  discharge  pipe. 


38.  Fig  20  shows  another  form  of  bucket  trap,  or  more 
strictly  speaking,  a  tank  trap,  called  the  Hinuly  or  Tjittle- 
fleld.  This  trap  consists  of  a  tank  or  pear-shaped  cham- 
ber a  for  receiving  the  water  of  condensation,  which  passes 
into  the  tank  through  an  opening  /^  in  the  trunnion  at  one 
side,  and  passes  out  through  the  bent  pipe  c  inside  the  tank. 
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The  tank  is  pivuted  on  the   two  trunnions  and   is  coiinter- 
wt:iijhteU    by   a   lever   and    weight    which   overbalance  the 

weight  of  the  tank; 
the  whole  rests  in  a 
framework.  The  dis- 
charge port  is  inside 
the  standard  c  and 
It^ads  to  a  globe 
valve  i/,  which  has 
an  elongated  spindle 
attached  to  a  pro- 
jection on  the  end  of 
the  tank  near  the 
trunnions;  the  action 
of  the  trap  is  caused  by  the  weight  of  the  water  that 
accumulates  in  the  tank  overbalancing  the  counterweight* 


Fig,  a) 


I 


§23 


STEAM-FITTING  ACCESSORIES 


21 


the  tank  is  empty;   the  counterweight  then  brings  the  tank 
back  into  position  and  closes  the  discharge  valve. 

39.  Float  Trails. — Float  traps  have  a  closed  hollow 
float  that  rises  and  falls  with  the  height  of  water  and  oper- 
ates a  valve.  The  Century  trap,  shown  in  Fig.  21,  has  a 
float  a  attached  to  a  bell-crank  lever  b,  which  on  rising 
suddenly  throws  over  a  weight  c  and  forces  a  valve  in  the 
discharge  pipe  d  to  open,  the  pressure  thereby  draining  the 
water  to  the  proper  level  through  the  discharge  pipe  con- 
nected to  the  head  e.  A  gauge  glass  is  located  at/",  so  that 
the  water-line  in  the  trap  can  be  observed.  A  strainer  is 
located  at  g  to  keep  out  dirt. 

40,  In  the  I>avis  trap,  shown  in  Fig.  22,  the  float  oper- 
ates a  pair  of  valves  a,  secured  to  a  beam  h,  one  valve 
rising  from  the  seat 
while  the  other  is 
being  depressed  into 
the  discharge  cham- 
ber. As  both  valves 
are  ii*  balance,  the 
trap  will  operate 
under  any  pressure. 

41.  There  are 
many  other  float- 
operated  traps  in 
the  market,  but  as 
their  operation  does  not  differ  essentially  from  that  of  the 
traps  here  illustrated,  no  difficulty  should  be  experienced 
in  studying  out  their  operation.  Nearly  all  makes  of  traps 
are  provided  with  a  petcock,  which  permits  the  air  to  be 
discharged  from  the  trap  in  starting  up. 

42,  Expansion  Tiiqis. — Expansion  traps  are  similar  to 
automatic  air  valves  fitted  with  an  expansion  device,  in  that 
they  permit  the  escape  of  relatively  cold  water,  but  close 
u|Kjn  the  steam  coming  in  contact  with  a  suitable  expansion 
device.     As  they  will  discharge  air  as  readily  as  water,  they 
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do  not  need  a  peteock.     Expansion  traps  are  now  used  quite 
extensively,  and  as  made  today  are  quite  reliable. 


4«i.  The  expansion  trap  shown  in  Pig.  23  has  a  brass 
tube  ii  screwed  into  a  pair  of  cast-iron  saddles,  or  yokes,  d,  b*\ 
one  end  of  each  yoke  is  rigidly  secured 
by  an  iron  bolt  c,  A  rod  d  with  an 
adjusting  thread  and  locknut  is  attached 
to  the  yoke  ^,  while  to  the  yoke  d'  a 
short  link  c  is  hinged,  which  is  pivoted 
to  the  rod  </,  A  discharge  valve  /  is 
placed  near  the  saddle  at  this  end;  it 
has  a  sliding  spindle  and  a  light  spring 
that  holds  the  valve  wide  open.  Steam 
admitted  at  the  inlet  end  g"  causes  the 
brass  tube  to  expand,  forcing  the  yokes 
apart.  As  the  rod  c  does  not  expand, 
the  brass  pipe,  as  well  as  the  rod  f, 
bends  slightly  during  its  expansion ;  the 
ri^ht-hand  end  of  the  saddle  6  then 
nu)ves  upwards  by  an  amount  nearly 
double  the  increase  in  length  of  the 
brass  pipe,  pulling  the  rod  //  with  it. 
As  this  is  hinged  to  the  link/*,  its  lower 
end  is  constraiiuHl  to  move  towards  the 
valve,  thus  closing  it.  A  slight  reduc- 
tion in  temperature,  due  to  water  enter- 
ing the  trai),  causes  the  valve  to  open 
witle  aj^ain,  as  the  combination  of  the 
yoke  /;,  rod  ^/,  and  link  r  gives  a  large 
side  wise  movement  of  the  lower  end  of  d  with  a  small 
eJKinge  in  tile  length  of  ii. 

41.  Fig.  '14  shows  the  Cio!iH»l  tnip.  This  trap  has  a 
brass  j)ipe  a  and  iron  pii)e  /'screwed  into  the  base  c  and  valve 
body  //.  Tiie  iron  pipe  is  inclined  in  respect  to  the  brass 
pipe.  The  expansion  of  the  brass  pipe,  which  is  greater 
than  that  of  the  iron  pipe,  forces  the  valve  body  </ upwards 
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by  springing  the  iron  pipe.  The  valve  ^  is  a  simple  sliding- 
stem  valve,  which,  through  the  upward  motion  of  the  valve 
body,  is  forced  to  its  seat  by  coming  in  contact  with  the 
adjustable  stop/.  To  prevent  injury  to  the  valve  and  its 
seat,  the  stop  is  arranged  to  yield  after  the  valve  is  seated, 
the  stop  being  held  in  place  by  the  spring  g.  The  stop  is 
adjusted  by  means  of  the  locknuts  shown  at  //.     The  water 


Pig.  84  . 

of  condensation  enters  the  brass  pipe  and  cools  it  sufii- 
ciently  for  the  valve  body  to  descend;  the  valve  c  is  now 
opened  by  the  steam  pressure  behind  the  water,  as  its  stem 
is  away  from  the  stop  f,  and  the  water  passes  out  through 
the  iron  pipe.  As  soon  as  the  steam  reaches  the  brass  pipe, 
the  upward  motion  of  the  valve  body  closes  the  valve  i\  as 
previously  explained. 

46.  The  Jenkins  "  Diamond ''  trap  is  identical  in 
construction  and  operation  with  the  Jenkins  automatic  air 
valve,  illustrated  in  Fig.  15,  the  only  ditfereiice  being  that 
it  is  larger. 

46.  Expansion  traps  are  capable  of  handling  success- 
fully a  large  amount  of  condensation.  They  are  not  as 
liable  to  freeze  as  float  traps  and  bucket  traps,  and  are 
therefore  better  for  exposed  locations.  They  are  well 
adapted  for  high-pressure  work,  as,  for  example,  for  engine 
drip  pipes,  as  they  automatically  free  the  engine  cylin- 
ders and  steam  jackets  of  water.  Expansion  traps  are 
also  well  adapted  for  use  in  places  where  the  condensed 
steam  contains  much  grease  and  oil.  The  valve  always  opens 
wide  and  the  rush  of  water  automatically  cleans  the  valve 


u 


STEAM-FITTING  ACCESSORIES 


§23 


and  seat.  Hence  for  such  water  they  are  sa|>erior  to  bucket 
and  float  traps,  as  in  most  designs  of  these  traps  the  valve 
opens  but  slij^htly  for  the  escape  of  the  water,  in  conse- 
quence of  which  the  grease  and  oil  will  choke  the  opening 
and  thus  interfere  with  the  free  discharge  of  the  water. 
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47,  The  principal  use  of  return  traps  is  for  returning 
water  of  condensation  to  the  boilers.  The  tiisiinguishing 
feature  of  all  return  traps  is  that  they  are  provided  with  a 
live-steam  connection  and  an  automatic  valve  operated  by 
the  float  or  other  device  controlling  the  emptying  of  the 
trap,  which  valve  admits  live  steam  to  the  trap  to  make 
the  pressure  within  it  equal  to  that  in  the  boiler  into  w^hich 
it  drains. 

48.  An  example  of  a  return  trap  is  given  in  Fig,  25> 
which  represents  the  Curtiis  return  tnip*     It  consists  of  a 

receiver  a  containing 
the  float  /  anti  having 
connected  to  it  the 
water  inlet  pipe  fitted 
\\  i  t  h  t  h  e  c he*,  k -  val  v  e  t/^ 
the  live-steam  inlet 
pi[ie  fitted  with  the 
slop- valve  /j,  and  the 
water  outlet  pipe  fitted 
with  the  check-valver. 
A  rotary  valve  t^  serves 
to  admit  live  steam  to 
the  trap.  It  is  con- 
nected, by  the  rod  g'^  to 
the  rocker /"by  a  stud 
working   in  a    curved 


f        slot.     The    rocker  /  is  engaged    by  a    pin  in  the   lever  A, 
which  carries  the  float  /  on  one  end  and  a  counterweight  on 

the  other 


Fio.  as 
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49.  The  operation  is  as  follows:  At  first  the  live  steam 
IS  shut  off.  As  the  water  of  condensation  flows  into  the 
receiver,  the  float  /  rises  and  the  loaded  end  of  //  descends. 
The  stud  in  //  engages  a  lug  of  the  rocker  f\  the  latter 
rotates  right-handed  until  the  track  confining  the  ball, 
shown  on  /",  is  inclined  to  the  right.  The  ball  now  rolls 
down  the  track  and  causes  the  rocker  f  to  rotate  to  its 
limit,  which  pulls  open  the  valve  c  and  admits  live  steam  to 
the  trap.  The  receiver  now  empties,  and  as  the  float  / 
descends,  the  rocker  f  will  finally  be  rotated  left-handed, 
which  closes  the  steam  valve.  The  operation  is  now  ready 
to  be  repeated.  The  check-valve  d  prevents  the  live  steam 
blowing  back  into  the  system  that  is  drained  by  the  trap; 
the  check-valver  prevents  the  water  in  the  boiler  froifi  back- 
ing up  into  the  trap. 


50.  The  Biindy  return-stoam  trap  is  shown  in  Fig.  20. 
It  consists  of  a  body  a  that  receives  the  water  and  that  is 
pivoted  at  b  and  c 
to  the  stationary 
part  of  the  trap. 
The  water  enters 
the  trap  at  b  and 
fills  the  part  a  until 
the  weight  of  the 
contained*  water  is 
sufRcient  to  over- 
balance the  weight 
</,  when  a  sinks 
downwards  until  it 
comes  against  the 
guide^.  This  down- 
ward motion  causes 
the  lug  c  to  engage 
the  upper  nuts  of  the  steam  valve/,  opening  the  latter  and 
at  the  same  time  closing  a  small  air  valve  placed  below  /, 
thus  admitting  steam  at  full  boiler  j)ressure  on  top  of  the 
water;  the  steam  flows  through  the  hollow  leg  //  of  the  yoke 
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and  the  pipe  i.  The  water  now  flows  to  the  boiler  by  grav- 
ity, leaving  the  trap  through  the  same  pipe  it  entered,  being 
able  to  enter  the  boiler  by  reason  of  its  hydrostatic  head. 
As  soon  as  the  trap  is  sufficiently  empty,  the  weight  Epulis 
the  trap  body  to  its  upper  position,  which  closes  the  steam 
valve  and  allows  air  to  enter  the  trap  body  through  the 
pipe/.     The  operation  is  now  repeated. 

51.     The  piping  up  of  a  Bundy  trap  is  shown  in  Fig.  27. 
In  case  of  a  heating  or  steam -pipe  drainage  system,  the 


different  drains  lead  to  a  receiver  a,  whence  the  water  passes 
to  the  trap  d  through  the  pipe  b  and  check-valve  c.     The 
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feedwater  leaves  the  trap  and  passes  to  the  boiler  through 
the  feedpipe  e^  the  check-valve  /,  and  the  globe  valve  g. 
The  check-valve  c  prevents  the  water  or  live  steam  in  the 
trap  blowing  back  into  the  receiver,  while  the  check- valve  y 
prevents  the  water  in  the  boiler  backing  up  into  the  trap. 
Steam  is  admitted  to  the  trap  through  the  pipe  //;  a  vent 
pipe  /  is  usually  attached  to  the  air  valve  at  the  base  of  the 
steam  valve  and  conveys  to  the  ash-pit  the  steam  left  in  the 
trap  after  it  is  emptied  of  water. 

52.  When  there  is  not  sufficient  pressure  available  to 
make  the  water  in  the  receiver  enter  the  trap  on  top  of  the 
boiler,  another  trap  may  be  placed  at  the  point  where  water 
will  flow  into  it.  This  trap  may  then  be  made  to  discharge 
into  one  placed  on  top  of  the  boiler,  using  steam  from  the 
boiler  as  a  motive  force. 

53.  Return  traps  can  also  be  used  for  discharging  the 
water  into  elevated  tanks,  the  height  to  which  the  water 
can  be  raised  depending  on  the  available  boiler  pressure. 
This  height  in  feet,  allowing  for  frictional  and  other  resist- 
ances, is  given  by  multiplying  the  boiler  pressure  available 
by  1.4.  Thus,  if  the  boiler  pressure  is  GO  pounds  per  square 
inch,  a  return  trap  can  discharge  into  a  tank  GO  X  1.4  or 
84  feet  above  it. 

SPECIAL  STEAM-FITTING  ACCESSOKIES 


TANKS 


PURPOSE 

54.  Tanks  are  used  for  various  purposes  in  steam - 
heating  and  steam-fitting  work;  they  are  employed  chiefly 
as  blow-off  tanks ^  drip  tanks ^  and  kot -neater  tanks, 

55.  A  blow-off  tank  is  a  receptacle  connected  to  the 
blow-off  pipe  of  a  boiler  or  battery  of  boilers;  its  purpose  is 
to  provide  a  place  in  which  the  hot  water  blown  out  of  the 
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boiler  may  cool  clown  before  it  is  discharged  into  a  sewer. 
Its  use  is  obligatory  in  all  places  where  the  sanitary  code 
prohibits  the  discharge  of  hot  water  into  a  sewer. 

56.  Drip  tanks  serve  j)ractically  the  same  purpose  as 
blow-off  tanks;  they  receive  the  water  of  condensation 
drained  from  steam-heating  systems,  engines,  separators, 
their  piping,  and  similar  apparatus,  and  cool  it  to  a  suffi- 
ciently low  temperature  to  permit  it  to  be  safely  discharged 
into  a  sewer.  They  are  used  for  this  purpose  in  places 
where  it  is  deemed  inadvisable  to  return  the  hot  drain 
water  to  the  boiler.  In  some  cases  drip  tanks  simply  serve 
as  reservoirs  from  which  the  hot  water  is  drawn  for  return 
to  the  boiler,  or  for  other  purposes,  as  required. 

57.  Hot-water  tanks  are  receptacles  for  the  storage  of 
a  large  volume  of  hot  water;  they  generally  are  provided 
with  a  coil  of  pipe  through  which  steam  flows  in  order  to 
heat  the  contained  water.  They  are  used  in  hotels,  apart- 
ment and  flat  houses,  and  large  private  residences,  for  the 
purpose  of  supplying  hot  water  to  the  plumbing  fixtures. 


COXSTKITCTIOX 

58.     Blow-off,  drip,  and    hot -water  tanks   are  generally 
[•onslructcd  of  steel  j)late;  they  have  a  cylindrical  shell  with 
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a  double-riveted  longitudinal  seam  and  are  closed  by  dished 
heads  single-riveted  to  the  shc^ll,  as  shown  in   Fig.  28.     A 
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manhole  is  generally  placed  in  each  head.  In  order  that 
the  contained  water  may  be  cooled  quickly,  or  be  heated,  a 
coil  made  up  of  pipe  and  fittings  is  placed  inside;  cold  water 
circulates  through  this  coil  when  the  tank  is  used  as  a  blow- 
off  or  drip  tank. 

59.     A  good  construction  of  a  cooling  coil,  and  the  method 
of  connecting  it  to  the  shell  of  the  tank,  is  shown  in  Fig.  29. 


Fig.  29 

The  coil  is  made  from  pipes  and  fittings;  the  cooling  water 
enters  through  the  pipe  a  and  passes  into  a  manifold  /^  whence 
it  passes  through  the  pipes  r,  c  and  return  bends  </,  li  into  the 
manifold  e  and  leaves  through  the  pipe/.  The  number  of 
coils  to  be  used  depends  on  the  amount  <>f  cooling  surface 
desired.  The  pipes  ^  and /"screw  into  large  l)ushings  ^i^,  ^^'^ 
threaded  outside  to  fit  a  tapped  hole  in  the  shell,  and  ta[)j)e(l 
inside  to  suit  the  pipe.  By  substituting  different  bushings, 
the  size  of  the  inlet  and  outlet  (V)nnections  is  readily  changed. 
The  blow-off  or  drip  connections  can  be  made  to  the  tank 
at  //,  //,  and  the  drain  pipe  to  the  sewer  may  connect  to  /. 

60.  Fig.  30  illustrates  the  Kcnsinsrton  heator,  which 
may  be  used  as  a  drip  tank,  blow-off  tank,  or  hot-water  tank, 
depending  on  the  pipe  connection.  The  coil  a  through 
which  the  cooling  or  heating  medium  passes  is  attached  to 
a  plate  b\  by  taking  off  the  head  r,  the  coil  can  be  removed 
from  the  heater.  If  used  for  heating  water,  the  steam  enters 
at  d  and  leaves  at  c\  if  water  is  used  to  cool  water  discharged 
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into  the  tank,  it  enters  at  c  and  leaves  at  d.  When  used  to 
heat  water  in  the  tank,  the  latter  enters  cold  through  the 
pipe /at  the  bottom  and  leaves  hot  through  the  pipe  g  2X. 
the   top;  when  used  as  a  blow-off   tank  or  drip  tank,  the 


drain  water  enters  at  g  and  leaves  at  /.  A  waste  pipe  A, 
closed  by  a  valve,  is  used  for  periodically  blowing  out  part 
of  the  water  in  order  to  remove  sediment,  in  case  the  tank  is 
used  as  a  hot -water  tank. 


an^ 


i\\.     In  places  where  but  a  relatively  small  amount  of 
drain  water  from  heating  systems  is   to  be   cooled  before 

being  discharged  into  a 
sewer,  cast-iron  catch 
basins,  made  as  shown  in 
Fig.  31,  are  often  used; 
they  are  buried  in  the 
ground.  The  catch  basin 
is  fitted  with  a  siphon  con- 
nection a^  which  insures  an 
automatic  emptying  at  in- 
tervals, depending  on  the 
amount  of  water  discharged 
into  it.  A  manhole  is  placed  in  the  top  to  give  admittance 
for  cleaning.     The  standard  size  in  the  market  is  36  inches 
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diameter  by  36  inches  high,  having  a  manhole  10|  inches  by 
14^  inches. 

62,  The  bottom  of  the  catch  basin  must  be  placed  above 
the  level  of  the  sewer,  in  order  that  the  water  may  be 
siphoned  from  it;  if  this  cannot  be  done,  the  water  must  be 
pumped  from  it.  In  order  that  the  water  may  enter  the 
catch  basin  freely,  a  vent  pipe  leading  above  the  ground  and 
open  to  the  atmosphere  must  be  screwed  into  the  top. 


SIZES  OF  TANKS 

63.  The  kind  of  tank  shown  in  Fig.  28  is  made  in  stand- 
ard sizes  by  the  different  manufacturers.  While  there  is  no 
perfect  uniformity  in  regard  to  standard  sizes,  a  good  idea 
of  the  general  size  of  tanks  may  be  obtained  from  Table  I, 
which  gives  the  practice  of  the  Titusville  Iron  Company. 

64.  A  blow-off  tank  should  have  a  volume  at  least  equal 
to  one-third  the  volume  of  water  contained  in  the  boiler 
draining  into  it,  and  be  as  much  larger  as  circumstances  will 
permit,  especially  when  the  tank  has  no  cooling  coil. 

66.  Drip  tanks  receiving  the  water  of  condensation  from 
a  steam  engine  exhausting  intotht*  atmosphere,  and  from  its 
piping,  are  generally  given  a  volume  equal  to  one-t^nth  the 
volume  occupied  by  the  water  consumed,  in  the  form  of 
steam,  by  the  engine  in  1  hour.  It  is  reeommendcd,  liow- 
ever,  never  to  use  a  tank  smaller  than  3  feet  diameter  and 
Gfeet  long.  The  water  consumption  of  the  average  engine 
is  about  30  pounds  per  horsepower  per  hour,  and  one- tenth 
of  this  is  3  pounds.  Hence,  by  multiplying  the  horsepower 
of  the  engine  by  3  and  dividing  the  product  ])y  S.3  (the 
number  of  pounds  of  water  in  a  gallon),  the  volume  of  the 
drip  tank,  in  gallons,  is  obtained. 

66.  Drip  tanks  receiving  the  total  water  of  condensation 
from  a  building  and  the  engine  exhaust  condensation  from 
feedwater  heaters,  etc.,  are  simply  storage  chaml)crs  that 
receive  temporary  floods  of  water  and  store  them  until  the 
pump  or  return  trap  that  empties  the  drip  tank  can  remove 
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them.  The  size  of  drip  tank  for  such  a  case  depends  con- 
siderably on  the  volume  of  floods  expected  to  exist  at  times. 
It  is  customary  to  allow  20  gallons  of  tank  capacity  for  every 
1,000  square  feet  of  direct  radiation.  It  is  considered  good 
practice  not  to  use  a  tank  smaller  than  3  feet  diameter  by 
()  feet  long. 


tabi^p: 

I 

STAXnARl>   SIZES   OF   AVATKR  TANKS 

Order 

Diameter. 

Length. 

Thickness 
of  Shell. 

Thicknewi 
of  Heads. 

Capacity. 

Weight. 

Number 

Inches 

Inches 

Inch 

Inch 

GaHons 

Pounds 

I 

24 

60 

A 

"7 

490 

2 

24 

72 

A 

141 

560 

3 

24 

84 

A 

165 

660 

4 

30 

48 

S 

147 

570 

5 

30 

fX) 

8 
M 

184 

660 

(i 

3(3 

72 

i 

220 

740 

7 

30 

84 

S 

257 

840 

8 

30 

<)h 

s 

294 

940 

9 

36 

6() 

s 

2f»4 

840 

lO 

3f> 

72 

! 

317 

940 

II 

36 

84 

1 

370 

1,040 

12 

36 

</, 

i 

423 

I.T40 

13 

42 

(k) 

I 

3^)0 

1, 010 

U 

42 

72 

8 

8 

432 

1,120 

15 

42 

84 

8 

H 

502 

1.250 

1 6 

42 

96 

J 

S 

575 

1.390 

n 

42 

108 

s 

648 

1.540 

IH 

42 

120 

? 

720 

1,670 

19 

48 

72 

s 

562 

1.350 

2o 

48 

84 

8 

8 

()58 

I.4C/1 

21 

48 

96 

8 

H 

751 

I,fK)0 

22 

48 

TOS 

8 
H 

846 

1.800 

23 

____4S    _ 

T20 

a 

H 

(^O 

2.000 

07.  The  cooling  coil  of  a  drip  tank  that  accumulates 
greasy  water  should  have  a  cooling  surface  of  not  less  than 
I  square  foot  for  every  G  gallons  of  tank  capacity.     This 
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allowance  is  much  greater  than  is  called  for  by  calculations 
based  on  heat  transmission  through  clean  tubes,  but  the 
extra  amount  of  cooling  surface  is  necessary  to  allow  for 
reduction  in  efficiency  of  the  cooling  surface  by  grease 
accumulation. 

68.  For  a  blow-off  tank  it  is  good  practice  to  allow 
1  square  foot  of  cooling  surface  for  every  10  to  15  gallons 
capacity.  The  amount  of  cooling  surface  allowed  is  less 
than  for  drip  tanks  because  the  water  is  comparatively  free 
from  grease. 


TRENCHES 

69.  When  pipes  must  be  placed  underground  or  beneath 
floors  in  buildings,  they  should  not  be  laid  in  damp  ground, 
and  should  be  so  placed  that 
repairs  can  be  made  easily. 
To  protect  the  pipes  against 
dampness,  they  should  be  laid 
in  brick-  or  concrete-lined 
trenches  ;  proper  hangers, 
which  allow  free  expansion 
and  contraction,  should  be 
built     into    the    side    of     the  „      ^ 

PIG.   32 

trenches  to  carry  the  pipe.     A 

good  form  of  hanger,  which  can  easily  be  made,  is  shown 
in  Fig.  32.  It  consists  of  a  cast-iron  angle  plate  a  having 
a  half-round  bearing  to  support  a  round  iron  bar  b  placed 
between  a  pair  of  angle  plates,  one  on  each  side  of  the 
trench.  A  roller  c  is  passed  over  the  rod.  The  roller 
and  rod  can  be  removed  at  will  for  access  to  other  pipes, 
and  is  easily  replaced.  The  trench  walls  should  be  strong 
enough  to  resist  the  greatest  pressure  agauist  their  sides, 
and  should  be  finished  at  the  floor  with  a  cast-iron  curb; 
metal  cover-plates  with  scored  tops  and  in  short  sections 
should  be  placed  over  the  trench ;  proper  anchors  to  hold 
the  curb  should  be  fastened  to  the  brickwork  and  flooring. 


I 
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70*     A   good  trench  construction   is  shown   in    Pig*  33, 
The  bottom  and  side  walls  are   built  of  brick  or  concrete. 


Fig.  «& 

and  a  cast-iron  curb  a  is  placed  on  top  of  the  side  walK  the 

curb  havinj:*:  the  cross-sedtinn  shown.  The  U-inch  offset  in 
the  curb  allows  a  concrete  floor  to  be  run  close  to  the  cover- 
plate  k  If  a  wood  floor  is  to  be  laid,  the  offset  requires  to 
be  only  I  inch. 

71.  Cover-plates  were  formerly  made  of  cast  iron,  but 
the  use  of  cast  iron  for  this  purpose  is  being  abandoned  in 
favor  of  steel.    Pressed-steel  plates  are  cheaper  and  stronger 
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than  cast-iron  plates;  they  can  be  obtained  in  various  styles 
of  scoring,  the  must  common  styles  being  shown  in  Fig,  34, 
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The  object  of  scoring  cover-plates  is  to  have  them  present  a 
better  foothold  than  is  given  by  smooth  plates.  If  the  cover- 
plates  are  very  wide,  they  require  stiffening,  and  supports, 
or  braces,  must  be  placed  beneath  them  in  order  to  prevent 
deflection  under  a  load. 


SPECIAIi    APPURTENANCES 

72.  In  steam-heating  and  steam-fitting  work,  various 
cast  or  wrought  fittings,  differing  from  any  heretofore 
shown,  will  often  be  required  for  special  purposes.  Most  of 
these  fittings  are  made  to  order  only,  and  fully  dimensioned 
sketches  are  required  to  be  sent  with  the  order.  Some 
special  fittings  are  shown  in  the  following  illustrations  and 
their  purpose  explained. 

73.  Tanks  placed  close  to  the  floor  may  be  supported  on 
two  tank  saddles  made  of   cast 

iron.  The  form  shown  in  Fig.  35 
is  known  as  the  Rutzler  tank 
saddle,  and  can  be  obtained  for 
cylindrical  tanks  ranging  from 
24  inches  to  48  inches  in  diam- 
eter. 

74.  A  tank  saddle  may  be  made  up  of  a  piece  of  T  iron 

bent  to  the  shape  shown  in 
Fig.  30  and  made  to  suit  the 
curvature  of  the  tank;  the 
legs  and  braces  are  made  up 
of  pipe  and  are  united  by 
regular  pipe  fittings,  screwed 
flanges  serving  for  bases.  A 
forked  fitting  must  be  made 
for  each  leg  to  unite  it  to  the 
web  of  the  bent  T  iron.  An 
angle  iron  may  be  used  in- 
stead  of    the    T    iron;    it   is 

more  difficult  to  bend  properly,  however,  is  inferior  mechan- 
ically,  and  does  not  present  as  neat  an  appearance. 


Fig.  85 


U 


\^ 
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75.     In  order  to  hang  a  cylindrical  tank  from  I  beams 

overhead,  hangers  may  be  made 
from  flat  iron,. as  shown  in  Fig.  37. 
Two  bentchimpr.  attached  to  each 
leg  are  used  for  clamping  the 
hanger  to  the  beams. 


Fig.  87 


76.  For  attaching  brackets, 
hangers,  etc.  to  a  wall,  anchors 
are  used.  These  are  made  in 
various  ways,  the  best  kind  pass- 
ing clear  through  the  wall.  The 
simplest  form  is  an  iron  rod 
threaded  at  both  ends  and  passed 
through  a  hole  cut  through  the  wall;  a  large  washer  and 
nut  is  placed  on  one  end  and  the  bracket  or  hanger  is 
attached  to  the  other  end.  In  order  to  dispense  with  the 
washer  and  nut,  the  anchor  bolt  is  occasionally  threaded  on 
one  end  only;  the  other  end  is  plain,  and  a  short  length  is 
bent  at  right  angles  to  the  body  to  prevent  the  bolt  from 
slipping  through  the  hole.  This  construction  is  much 
inferior  to  the  previous  one.  Sometimes  an  eye  is  formed 
on  one  end  of  the  anchor  bolt,  and  a  piece  of  pipe  is  passed 
through  the  eye  to  prevent  the  bolt  from  slipping  through 
the  wall.  This  makes  a  bolt  far  superior  to  the  one  with 
a  bent  end,  but  still  inferior  to  the  threaded  bolt  with  a 
large  washer  and  nut. 

77.  For  bridging  over  openings  when  much  weight  is  to 
be  placed  above  the  opening,  well-ribbed  cast-iron  plates 
or  I  beams  may  be  used. 

78.  Vertical  pipes  may  be  sup- 
|)orted  either  at  the  base,  in  which 
case  a  suilahle  support  is  placed  be- 
neath it,  or  by  suspending  them  from 
the  floor  above.  In  the  latter  case  a 
])ipe  clamp,  made  as  shown  in  Fig.  3S,  Fig.  » 

may  be  clamped  to  the  pipe.     This  clamp  simply  serves  as  a 
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collar  to  prevent  the  pipe  from  slipping  through  the  floor. 
As  it  is  made  in  halves,  it  is  easily  applied  and  removed. 


79«  A  vertical  pipe  may  be 
tied  to  a  horizontal  I  beam  by 
a  strap  made  of  band  iron  and 
bent  to  the  shape  shown  in 
Fig.  39.  After  passing  the 
strap  around  the  pipe,  the  ends 
are  hammered  down  over  the 
flange  of  the  beam,  thus  secur- 
ing the  strap  permanently. 


Pig.  a9 


EXPANSION   DEVICES   FOR   STEAM   PIPES 


SWING  JOINTS 

80.  Swing  Joints,  often  called  swivel  Joints,  are  used 
to  provide  for  the  expansion  and  contraction  of  piping,  and 
also  for  providing  a  swivel  joint  to  allow  the  ready  raising 
and  lowering  of  connections  to  parts  of  machinery.  Swivel 
joints  can  be  made  of  ordinary  fittings,  but  the  Constant 
screwing  in  and  backing  out  of  the  threads  causes  them  to 
leak,  and  hence  they  should  be  used  only  where  the  move- 
ment is  very  slight;  they  should  have  graphite  smeared  on 
the  threads. 


•)"• 


81.  Regular  swivel  joints  are  made  of  brass,  and  can 
be  obtained  for  the  smaller  sizes  of 
pipe.  A  swivel  joint  consists  of  a 
fitting  having  a  tapered  plug,  as  a  in 
Fig.  40,  which  is  ground  into  a  cor- 
responding hole  of  another  fitting. 
A  central  hole  opening  into  a  concen- 
tric recess  of  the  plug  is  cored  in  tf,  in 
order  to  allow  the  steam  to  pass  from  one  fitting  to  the  other. 
65—8 


PIO.  40 
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83.  Btillt-t^p  Expati^inti  JiiintK.  —  Expansion  join  is 
art'  used  lo  take  up  the  expansion  and  admit  the  free  con- 
tractiun  of  hm^  runs  of  j^trani  pipe,  which  expands  when 
t;team  is  turned  inln  it  and  i^untracts  in  cooling:  they  should 
be  placed  at  intervals  in  long  runs.  The  pipe  shnukl  be 
secured  with  anchors,  so  that  the  expansion  can  take  place 
towards  earh  enrL 

S-{*  The  Wnlnwrljtcbt  exxiatision  joint,  shown  in 
Fig.  41,  Consists  essentially  of  a  seamless  drawn  copper  tube, 

which  is  corrugated, 
as  shown  at  a;  the 
ends  of  the  tnbe  are 
turned  over  the  faces 
of  rai>t-iron  flanges, 
thus  forming  a  gas- 
ket, as  at  i;  bronze 
rings  c  are  placed  in 
the  inside  and  outside 
corrugationSj  to  recn- 
force  them;  the  cor- 
rugations admit  a  cer- 
tain amount  of  expan- 
sion and  contraction  of  the  joint.  A  metal  sleeve//  having 
a  fitted  end  sliding  in  the  copper  sleeve  and  flange  is  fitted 
inside  the  joint  to  preserve  alinement  and  reduce  friction. 


Wm.41 


FtG.  4f 

84.    Another  form  of  joint  is  shown  in  Fig.  4%.     It  is 
constructed  with  a  cast  body  a  having  a  shoulder  into  which 
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a  brass  bushing  b  is  forced  or  screwed.  A  sliding  sleeve  c 
passes  through  the  bushing,  and  packing  is  placed  in  the 
annular  space  d  around  it;  a  gland  e  is  fitted  around  the 

sleeve.  Stud  bolts  are  fas- 
tened to  the  body  and  pass 
through  the  flange  of  the 
gland;  screwing  up  the  nuts 
on  the  bolts  tightens  the 
gland  on  the  packing,  thus 
making  a  tight  joint  around 
the  sleeve.  Stud  bolts  /,  / 
are  also  fastened  to  the  sleeve, 
passing  through  a  flange  on 
the  body,  to  prevent  the  joint 
from  blowing  apart.  Joints 
of  the  form  shown  are  called 
stiiffeil  Joints  and  also  slip 
joints.  These  joints  need 
attention  and  repacking,  and 
therefore  are  not  held  in  as 
high  favor  by  engineers  as 
are  those  that  need  no  atten- 
tion, like  the  corrugated  joint 
previously  shown. 

85.  Bent-Pipe  Expan- 
sion Joints. — Properly,  bent 
pipes  make  the  best  form  of 
expansion  joint,  but  the  space 
they  occupy  often  limits  their 
use  to  places  above  ground  or 
underground  where  sufficient 
room  can  be  provided.  The 
shortest  radius,  as  r  in 
Fig.  43,  of  bent  pipes  serving 
as  expansion^  joints  should  not  be  less  than  0  diameters  of  the 
pipe  for  wrought  iron  and  steel,  and  to  get  the  pro{)er  spring 
should  be  larger  when  used  on  long  runs.     These  bends  can 
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be  advantageously  used  for  engine  connections  and  similar 
piping,  as  they  tend  to  prevent  vibration.  The  usual  form 
of  bends  made  are  shown  in  Fig.  43,  where  the  trade  names 
are  marked  below  each  bend.  Bends  can  have  a  shorter 
radius  if  copper  pipe  is  used,  as  this  yields  easier.  The 
large  sizes  of  copper  bends  are  hand-wrought  and  brazed ; 
small  sizes  can  be  made  from  seamless  drawn  copper  pipe. 
Brass  pipe  is  also  used,  but  cannot  be  bent  to  the  required 
shape  as  easily  as  copper  pipe. 

86.  Bends  made  from  iron  or  steel  pipe  must  be  bent 
while  heated  red  hot;  seamless  copper  and  brass  pipes  can 
be  bent  cold   over  a  suitable  form.     Iron  and  steel  pipe 


Fig.  44 

bends  generally  have  iron  flanges  screwed  on ;  copper  bends 
either  have  composition  flanges  riveted  and  brazed  on,  as 
shown  in  Fig.  44  (a),  or  they  have  wrought-steel  flanges 
fastened  by  turning  the  edge  of  the  pipe  over,  as  shown  in 
Fig.  44  (*).  

PllOTECTIVK  CO>Ti:RINGS 


PURPOSE 

87.  Steam  pipes  and  vessels  containing  steam  or  hot 
water  are  covered  with  materials  that  are  poor  conductors 
of  heat,  in  order  to  prevent  the  loss  of  heat  by  radiation, 
and  consequent  condensation.  Various  materials  are  used 
for  this  purpose,  some  of  which  are  fireproof,  while  others 
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are  not.  Fire-insurance  companies  generally  require  fire- 
prcMjf  covering  to  be  used  for  steam  pipes,  especially  when 
high-pressure  steam,  which  has  a  correspondingly  high 
temperature^  is  used. 

SECTIONAL  COTTETirNGS 

88.     Fig.  45  shows,  before  and  after  application,  a  length, 
or  section,  as  it  is  usually  called^  of  the  Nonimrell  cork 


I 


eoTerlngr,  which  is  made  of  ground  cork,  subjected  while 
under  great  pressure  to  a  high  temperature;  this  causes 
the  natural  gum  in  the  cork  to  seal  the  pores,  forming 
minute  air  cells.  It  is  then  fireproofed  and  finished  with 
canvas  and  brass  bands.  As  the  lengths  are  made  in  halves, 
the  covering  can  be  readily  applied  to  and  removed  from  the 
pipes,  it  being  secured  by  doubling  the  brass  bands  oven 

89*    The    Alairnesia    sectional    covering   consists    of 

about  85  per  cent,  of  carbonate 
of  magnesia  mixed  with  long 
fiber  asbestos  to  form  a  bond, 
and  a  small  amount  of  calcite. 
It  is  halved,  covered  with  canvas, 
and  secured  with  brass  bands, 

90.  The  Astjestos  air-cell 
sectioniil  coverings,  shown  in 
section   in   Fig,  46,  is  made  of 

asbestos  paper  of  suitable  thick- 
ness folded  into  flutes,  and  then 
placed  in  layers  one  on  top  of  the  other  and  secured  together 
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with  silicate  of  soda,  forming  air  cells  all  through.  The 
covering  is  made  in  halves^  covered  with  canvas,  and  secured 
with  metai  bands, 

91.     Fig.    47  shows   another   form   of   air-cell    sectional 
covering,  similar  in   form  to  the  one  shown  in  Fig.  4lJj  but 


PlO.  *T 


having  the  air-cell  formation  in  parallel  rings  around  the 
[>ipe,     Tt  is  called  the  As^besatocel  covering. 

93,     Fig.  48  Hhows  yet  another  form  of  air-cell  covering. 


Pig,  48 

having  short  annular  air  spaces  formed  by  concentric  divi- 
sion rings.     This  covering  is  known  as  the  Hercules, 

93.  The  IniperUil  covering  is  an  asbestos- paper  cover- 
ing formed  liy  layers  of  indented  paper  so  arranged  as  to 
permit  air  cells  or  spaces  between  each  sheet;  it  is  cut  and 
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applied   in  the  same  manner  as  the  coverings   previously 
named. 

94.  Fire-felt  is  composed  of  long  fibrous  asbestos;  it 
contains  minute  air  spaces,  like  wool  felt,  except  near  the 
outside,  where  the  pores  are  filled  with  finer  asbestos  to  pre- 
vent circulation.  The  covering  is  slightly  corrugated  on  the 
inside  and  is  covered  with  canvas  outside;  it  is  applied  in 
the  same  manner  as  other  sectional  coverings.  Sizes  above 
4  inches  inside  diameter  are  made  in  halves. 

95.  The  Manville  hisfU-pressure  eoverlnK  is  a  com- 
bination covering  having  an  inner  core  of  about  half  the 
thickness  of  the  covering  and  composed  of  infusorial  earth; 
around  this,  wool  felt  is  wrapped,  which  is  covered  with  can- 
vas pasted  on;  the  sections  are  in  halves  and  fastened  with 
metal  bands. 

96.  Other  combination  coverings  a^e  used  with  more  or 
less  good  results  for  preventing  loss  of  heat  in  piping,  but 
many  of  the  cheaper  grades  of  covering  are  found  to  con- 
tain sulphate  of  lime,  and  but  little  carbonate  of  magnesia, 
and  such  bonding  material  as  cocoa  fiber,  sawdust,  excelsior, 
hair,  etc.;  they  are  finished  with  canvas  and  secuircd  with 
bands.  The  sulphates  are  corrosive,  and  should  be  used 
with  care  on  iron  or  steel,  and  only  where  the  pipe  has  been 
painted.  All  sectional  coverings  have  fittings  molded  to 
suit  the  standard  steam  fittings,  such  as  ells,  tees,  and 
valves. 


UNI>KKCn«)rM)   COVKHINiiS 

97.  Boxes. — Steam  pi{)es  placed  uiuk-rground  are  often 
enclosed  in  wooden  Ix^xcs,  which  should  \)v.  linc-d  with  tin. 
Wooden  boxing  made  without  tin  lining,  if  placed  in  close 
proximity  to  steam-heated  surfaces,  gradually  becomes  a 
soft  pulp  on  the  inside,  and  with  high-steam  pressures  it 
soon  chars  and  becomes  the  same  as  charcoal,  although  the 
color  may  not  indicate  that  any  change  is  etfected  until  the 
air  comes  in  contact  with  it.      If  it  has  nut  been  in  contact 
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with  the  atmosphere  for  some  time,  it  may  easily  ignite, 
provided  there  is  iron  rust  from  the  pipe  mingled  with  the 
charred  portion;  when  the  atmosphere  is  admitted,  the  rust 
or  oxide  of  ironahsorbs  the  oxygen  in  the  air  so  rapidly  that 
it  may  ignite  the  charred  wood  spontaneously. 

98*  Condiifts^^There  are  two  types  of  wooden  conduit 
on  the  market,  both  of  which  are  very  good  for  insulating 
steam  pipes  placed  underground, 

99.  The  Wyekoff  cover! njc,  shown  in  Fig.  49  (a),  is 
built  of  wooden  staves  in  two  layers,  as  ei  and  i,  inside  of 


Fig.  49 

which  is  a  round  sheet-iron  casing  c  having  asbestos  paper 
and  an  air  space  between  the  staves  a  and  the  lining,  A 
corrugated  fireproof  paper  d  is  placed  outside  the  inner  core 
of  staves  to  further  insulate  the  pipe;  the  outside  layer  of 
woodwork  is  then  tarred  to  make  it  tight.  The  sections  are 
fastened  together  by  using  wire  clips  i\  i\  shown  in  Fig.  49  (b), 
which  shows  the  conduit  partially  opened.     The  ends  and 
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fittings  are  incased  in  a  cube-shaped  box,  as  illustrated  in 
Fig.  49  (c).  Tests  made  of  the  above  covering  show  it  to 
effect  a  considerable  reduction  of  condensation. 

lOO.  Fig.  50  shows  another  type  of  wood-stave  covering, 
which  in  the  small  sizes  consists  of  logs  of  wood  bored  out, 
and  in  the  larger  sizes 

ments,  into    a    round   B|HHv  J  ^^I  "^-^^JJ^^^H 

tube,  which  is  pro-  ^^^^^^^~2^7  ^^^^^^jp^^iH 
vided  with  an  inner  |^H^^^^B|^g  ^^ll^^^^^ 
core  a  of  sheet  iron  ^^^^^^^^"^  ^^^^^^^^ 
with  asbestos  outside 
of  the  iron.  The  wood 
is  subjected  to  a  creosoting  bath  under  high  pressure,  which 
preserves  it  and  makes  it  a  very  satisfactory  casing  for  use 
underground.  The  pipe  is  usually  placed  in  the  wooden 
tube  on  expansion  rollers,  which  keep  it  about  concentric, 
allowing  an  air  space  all  around  the  pipe.  The  ends  of  the 
conduit  are  sealed  at  the  junction  boxes,  where  fittings  are 
placed,  and  made  tight  with  iron  collars  fitting  the  pipe. 
Junction  boxes  can  be  built  of  wood  for  use  with  this  pipe; 
in  some  of  the  places  where  it  has  been  used,  brick  junction 
boxes  have  been  provided.  When  the  pipe  is  laid,  it  is 
coated  with  hot  tar  in  order  to  tightly  seal  all  the  joints, 
which  are  made  by  forming  a  recess  on  one  end  of  the  pipe 
and  a  corresponding  cylindrical  projection  on  the  other  end, 
thus  making  the  so-called  soeket-and-splgfot  Joint. 


SHEET  COVERINGS 

101.  Sheet  coverlngrs  are  used  to  incase  large  pipes, 
smoke  pipes,  boiler  domes,  shells  of  boilers,  tanks,  etc.,  and 
are  usually  made  in  convenient  shapes,  so  that  any  curved 
or  fiat  surfaces  can  readily  be  covered. 

102.  The  Asbestos  air-cell  eoverlni?,  shown  in  Fig.  51, 
is  light  in  weight  and  is  easily  applied,  as  it  is  made  of  layers 
of  corrugated  paper  fastened  with  silicate  of  soda,  and  can 
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be   sawed  like  wood.     The  edges  are   usually  pasted   over 
with  a  paper  tape  to  prevent  circulation  of  air  through  the 


Fig.  61 

corrugations,  and  the  board  can  be  nailed  to  wooden  sur- 
faces, or  secured  with  small  metal  studs,  or  angles,  and  wire, 
depending  on  the  conditions. 

103.  The  Xoiipai-ell  cork  flreboard  is  a  very  good  insu- 
lator, but  not  quite  as  fire-resisting  as  the  asbestos  air-cell 
covering.  It  can  be  easily  cut  by  sawing,  and  can  be  had  in 
blocks  to  suit  the  conditions.  The  joints  are  usually  cemented 
with  a  plastic  cement,  in  which  cork  forms  the  body. 

104.  Mit^nesia  sectional  blocks  can  be  secured  to  sur- 
faces in  any  convenient  manner;  this  covering  is  absolutely 
fireproof,  and  gives  a  first-class  insulation. 

10a.  Other  makes  of  insulating  blocks  consist  of  asbestos, 
asbestos  and  s{)onge  combined,  asbestos  and  magnesia, 
asbestos  and  fibrous  grass,  cocoa  fiber,  hair,  excelsior,  etc., 
combined  with  plaster  to  form  a  body;  they  are  used  for  the 
same  purposes  as  tht)se  previously  mentioned.  Some  of 
these  coverings  are  very  good  insulators. 


FLKXini.K  C OVEHIXGS 

!()(>.     One  form  of  a  ficxible  covering  is  a.sbest06  paper 

made  similar  to  asi)est')S  pipe  covering,  but  not  as  rigidly 
cemcntrd.  riro-ft^lt  is  a  fintt  fibrous  asbestos  formed  into 
a  fiexiblc  felt-likir  shcift;  it  can  be  applied  in  the  same  man- 
ner as  common  hair  felt  and  is  finished  by  sewing  canvas 
over  it.  It  is  a  first-class  (V)vering,  used  as  a  substitute  for 
hair  felt  on  irrei^ular  surfaces. 

107,     Hair   felt    is   made    in    various   thicknesses,    and 
usually  comes  in  bales  of  a  size  convenient  to  handle,  and 
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is  made  2  yards  wide.  It 
is  used  as  a  cheap  pipe  or 
surface  covering  where  the 
saving  of  heat  is  a  greater 
consideration  than  length  of 
service.  It  absorbs  moisture 
easily,  and  where  alternately 
wet  and  dry  and  subjected  to 
high  temperatures  disinte- 
grates very  soon.  It  is  also 
very  objectionable  in  that  it 
forms  a  lodging  place  for 
vermin  and  mice. 

108.  The  usual  method 
of  covering  piping  with  felt 
is  to  place  two  layers  of  as- 
bestos paper,  of  a  thickness 
giving  about  10  square  feet 
to  the  pound,  around  the  pipe 
and  then  to  wrap  with  one 
layer  of  1-inch  hair  felt,  and 
outside  of  this  one  layer  of 
plain  building  paper,  or  rosin- 
sized  paper,  finally  wrapping 
with  twine  and  sewing  can- 
vas over  it. 

KM),  The  amount  of  ma- 
terial in  s(|uare  feet  recpiired 
per  lineal  foot  of  \)\])c  is 
given  in  the  table  on  this 
page. 

One  ball  of  twine  will  be 
recpiired  for  sewing  each 
inofcet;  1  pound  of  !)eeswax 
will  be  recjuired  for  each 
^500  feet  of  twine  used. 
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PLASTIC   COVERINGS 

110,  There  are  in  the  market  several  plastic  cements 

that  are  composed  of  the  same  combination  of  materials 
used  for  sectional  pipe  coverings,  and  that  are  used  for  the 
same  purpose.  Coverings  of  plastic  cement  are  generally 
finished  by  sewing  canvas  over  them,  which  holds  the  cement 
in  place  in  case  it  cracks.  Plastic  coverings  may  also  be 
used  for  a  finishing  coat  to  be  placed  on  top  of  the  paper 
covering. 

111.  Plastic  covering  is  applied  either  directly  to  the 
surface  to  be  protected,  or  to  a  framework  of  metal  lath- 
ing, which  is  kept  clear  of  the  heated  surface  by  angle 
irons,  thimbles,  wire  rods,  or  in  any  other  convenient  man- 
ner. In  either  case,  a  light  rough  covering  is  applied  first, 
which  is  wrapped  with  wire  or  covered  with  wire  netting. 
The  hard  finishing  coat  is  then  applied  on  top  and  smoothed 
down.  For  a  final  finish  the  last  coat  may  be  painted,  but  it 
is  preferable  to  place  canvas  over  it.  A  neat  finish  is  given 
by  thin  brass  bands  placed  over  the  canvas  at  regular  inter- 
vals. When  the  plastic  covering  is  applied  to  a  framework  of 
metal  lathing,  a  dead  air  space  is  formed,  which  greatly 
increases  the  protective  value  of  the  covering.  Incidentally, 
it  may  be  mentioned  that  an  air  space  is  of  value  in  pre- 
venting radiation  of  heat  from  a  surface  protected  by  it, 
only  in  case  there  is  no  circulation  of  air  in  it,  which  means 
that  the  air  space  must  be  entirely  closed  or  dead,  as  it  is 
called. 


LOOSE    FIBROUS    INSULATIONS 

llti.  T^oose  tisbestos  can  be  bought  in  bags;  it  is  used 
for  filling  in  around  pipes  in  trenches,  or  below  the  lagging 
of  cylinders.  It  is  also  used  in  buildings  for  deadening 
sound,  and  for  protection  against  the  weather  or  dampness. 
Besides  asbestos,  inineral  >vool,  which  is  a  fibrous  feather- 
like wool  made  from  the  slag  of  the  iron  furnace  and  lime- 
stone, is  used ;  it  has  a  large  percentage  of  iron  in  its  com- 
position,  and  contains   sulphur.      Another  form   of   wool, 
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similar  in  most  respects  to  mineral  wool  made  from  slag, 
is  blown  from  granite;  it  contains  less  oxide  of  iron  and 
little  sulphur.  Its  chief  constituent  is  lime,  and  it  can  be 
used  for  filling  trenches,  covering  pipe  placed  in  exposed 
places,  for  deadening  sounds  by  being  placed  inside  of  walls, 
and  similar  purposes. 


TESTS   OF   PrPE   COVERINGS 

113«  Professor  Charles  L.  Norton,  of  Boston,  made  some 
very  interesting  tests  of  a  number  of  coverings  for  use  with 
steam  at  10  pounds,  and  at  200  pounds  pressure  per  square 
inch,  the  tests  being  made  by  electricity  at  the  temperatures 
due  to  the  above-named  pressures;  this  method  of  testing 
was  as  fair  as  could  be  wished,  as  the  temperature  within  the 
tube  tested  was  maintained  constant,  and  the  exterior  con- 
ditions were  as  nearly  constant  as  a  closed  room  could  be 
made  to  prevent  air  currents. 

114,  The  test  apparatus  consisted  of  a  4-inch  tube 
18  inches  in  length,  into  which  was  introduced,  concentric 
with  it,  another  tube  of  copper,  around  which  was  wound 
the  heating  coil  in  the  form  of  a  helix,  and  which  was  con- 
nected with  the  current  through  a  wattmeter,  an  ammeter, 
and  a  voltmeter,  showing  the  current  consumed,  while  ther- 
mometers showed  the  internal  temperature  of  the  tube,  and 
that  of  the  outside  air.  The  tube  was  filled  with  oil,  and  a 
spiral  agitator  was  introduced  into  the  core  of  the  copper 
tube,  to  insure  a  circulation  of  the  oil  to  all  parts  of  the 
4-inch  pipe.  Each  piece  of  covering  tested  was  placed  under 
the  same  conditions,  and  identical  observations  were  made 
in  each  case;  the  results  are  given  in  Table  III. 

116,  Pipe  laid  in  wooden  boxing,  but  not  exposed  to 
dampness,  has  also  been  tested  by  Professor  Norton,  who 
used  a  wooden  box  nailed  tight,  made  from  J -inch  pine, 
1  inch  larger  than  the  pipe  all  around,  and  filled  with  various 
substances,  which  showed  the  following  losses  per  square  foot 
per  minute,  at  a  temperature  corresponding  to  200  pounds 
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TEST  OF   PIPE    COVKUINOS 


Thick- 
ness. 

Inches 


B.  T.  U. 
I^ss  per 
Square 
Foot  of 
Surface 

Per 
Minute 


Percent., 
or  Ratio 
of  I^ssin 
Coverinf^ 
Compared 

With 
Bare  Pipe 


A  verage 
Weight  of 
Covering, 
in 
Ounces, 
for  4- Inch 
Covering 


Nonpareil  cork,  Standard 

Nonpareil  cork,  octagon  low-pressure 

Manville  high-pressure 

Magnesia,  8o  per  cent 

Imi)erial 

Asbestt)S  air  cell   

Infusorial  earth 

Magnasbestos 

Cakite 

Bare  pipe 


I. GO 

.80 

1.25 
1. 12 
1. 12 
1. 12 
1.50 
1. 12 
1. 12 


2.20 

2.38 
2.38 
2.45 
2.49 
2.77 
2.80 
2.91 
3.61 
13.84 


15.9 
17.2 
17.2 

17.7 
18.0 
20.0 
20.2 
21.0 
26.1 
100. o 


27 
16 
54 
35 
45 
35 

48 
66 


per  scjuare  inch  sleaiii  pressure,  with  the  surrounding  air  at 
a  temj)erature  of  about  70'^  F.  The  result  of  these  tests 
is  given  in  Table  IV. 


TABI.E    IV 


TESTS  OF    KADIATION    LOSSES    IN    WOOI>EN    KOX£S 


Name  of  Covering 


Box  witli  sand 

Box  with  granulated  cork 

Box  with  cork  and  infusorial  earth 

Box  with  sawdust 

13ox  with  ehareoal 

l^ox  with  asiics 

Box  with  closed  air  space  only 


Radiation  Loss  in 

H.  T.  U.  Per 

Stiuare  Foot  Per 

Minute 


3.18 

'•75 
1 .90 

2.00 
2.46 
356 
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11 6,  Wooden  staves  1  inch  thick  secured  to  the  pipe, 
with  joints  made  tight,  show  a  radiation  loss  of  from  3.4  to 
3.7  B.  T.  U.  per  square  foot  per  minute;  with  staves  2  inches 
thick  it  varies  from  2.31  to  2.5  B.  T.  U.  These  values  hold 
only  for  wooden  covering  made  air-tight  at  the  joints  and 
kept  perfectly  dry  and  in  still  air.  When  air-currents 
impinge  on  the  wood,  the  radiation  losses  will  be  higher. 
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RADIATOBS 


DIRECT    RADIATORS 


GENERAL.    C^I.ASSTFTCATION 

1.  Rac1iator»  are  metallic  bodies  so  constructed  that  a 
large  amount  of  surface  is  obtained.  They  are  used  for 
warming  buildings  by  emitting  heat  to  the  air  in  the  build- 
ings, or  to  air  as  it  enters  buildings.  Steam  or  hot  water 
inside  the  radiator  heats  it,  which  in  turn  heats  the  air  and 
other  matter  surrounding  it. 

Radiators  made  of  cast  iron  are  known  simply  as  radiators; 
those  made  of  iron  pipe  and  fittings  are  called  colls. 

There  is  a  large  number  of  different  kinds  and  styles  of 
radiators  manufactured,  but  they  differ  chiefly  in  arrange- 
ment and  ornamentation.  In  a  general  way  they  may  be 
classified  as  direct  radiators;  indirect  radiators,  and  direct- 
indirect  or  semi-direct,  radiators.  Nearly  all  radiators  are 
made  of  cast-iron  sections  screwed  or  bolted  together,  while 
nearly  all  coils  are  made  of  wrought-iron  or  steel  pipes 
screwed  into  suitable  fittings  or  manifolds. 


I.OC'ATIOX 

2.  Introduction. — Direct  nidliitors  are  located  inside 
the  rooms  or  other  places  to  be  warmed,  and  usually  stand 
on  the  floor.  The  air  in  a  room  that  is  warmed  by  direct 
radiation  is  therefore   reheated  and   circulated   within    the 
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room  iinlt!S5  special  provision  is  made  for  changing  the  air. 
The  proper  place  to  locate  a  direi'i  radiator  is  at  the  coldest 
place  in  the  room  to  be  warmed.      Ordinarily  this  is  under  a 

window  at  the  north 

n 


or  norlhwest  side  of 
the  build inj^r.  Cold 
winds  usually  blow 
in  t  h  r  a  it  g  h  the 
crevices  of  such  a 
window  and  will 
make  a  rtiom  un- 
comfortably cold 
near  the  window 
even  though  it  is 
ctKnforiably  warm 
eisLtwhere.  If  the 
radiators  are  lo- 
cated so  that  the 
warm-air  currents 
ascending  from 
them  will  mix  with 
the  incoming  cold- 
air  leakage,  a  nearly 
u n i f t )rm  tempera- 
ture can  then  be 
maintained  in  the 
rooms, 

3,  E.xanii>U»»sof 
I^>tnitl  u  11 ,  —  F  i  g .  I 
shows  two  different 
locations  for  direct 
radiators  in  a  room, 
and  the  air-currents 
produced  by  heat 
from  the  radiators.  In  Fig-  1  {a)  the  radiator  a  is  shown 
located  against  the  inner  walL  Air  cooled  by  the  window  A^ 
and  aided  by  cold -air  leakage,  falls  to  the  floofj  then  flows 
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slowly  toward  the  radiator,  where  it  becomes  heated,  and 
rises  to  the  ceiling.  This  produces  a  circulation  in  the 
direction  shown  by  the  arrows,  the  hot  air  being  at  the 
ceiling  and  cold  air  on  the  floor,  while  70°  may  obtain  in 
the  middle  of  the  room.  This  is  considered  bad  practice 
and  should  be  avoided. 

In  Fig.  1  {d)  the  radiator  is  shown  located  under  the 
window.  The  rising  current  of  warm  air,  mixing  with  the 
cold  air  falling  from  the  window,  not  only  prevents  the  cold 
air  from  gathering  on  the  floor,  but  also  produces  a  lower 
temperature  at  the  ceiling  and  a  higher  temperature  at  the 
floor.  The  temperatures  marked  in  these  illustrations  are 
not  constant;  they  change  with  changing  conditions. 

If  a  radiator  is  located  in  the  center  of  a  room  the  cold  air 
on  the  floor  will  travel  from  all  directions  toward  the  radi- 
ator, where  it  will  become  heated  and  ascend  to  the  ceiling 
in  the  form  of  a  column;  the  resultant  temi)eratures  at 
floor  and  ceiling  will  be  similar  to  those  obtained  by  the 
system  shown  in  Fig.  1    {a). 


SIZE  OF  A  KADIATOU 

4t.  Deslgrnatiou. — The  amount  of  exterior  surface  on 
the  radiator  designates  the  size  of  the  radiator.  Thus,  a 
100-square-foot  radiator  has  100  square  feet  of  outside 
surface  exposed  to  the  air. 

6,  Dimensions  of  Sections. — The  dimensions  of  the 
sections  of  radiators  vary  with  different  manufacturers. 
Cast-iron  radiators  are  constructed  of  sections  that  vary  in 
shape,  size,  and  ornamentation,  according  to  the  manu- 
facturers* ideas.  The  favorite  form  of  section  is  a  hollow 
loop,  a  number  of  which  when  connected  together  at  the 
base,  sometimes  also  at  the  top,  constitute  the  radiator. 
Short  sections  are  used  for  making  low  radiators;  long  sec- 
tions are  employed  for  making  high  radiators.  The  standard 
height  of  a  section  is  38  inches  above  the  floor,  and  manu- 
facturers usually  ship  radiators  of  this  height  if  tlie  height 
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is  not  mentioned  in  the  order.  Ordinarily  one  section  of  a 
two-column  loop  radiator  38  inches  high  has  4  square  feet  of 
heating  surface,  that  is,  outside  surface. 

There  are  a  number  of  radiator  sections  on  the  market 
that  contain  more  than  4  feet  to  a  standard  section.  Some 
of  these  have  extended  surfaces,  which  form  flues,  in  the 
heart  of  the  radiators. 


NIPPT^E  COXXECTION8 

6.  Push-Kipple  Joints. — There  are  two  kinds  of  nipples 
used  for  connecting  radiator  sections,  namely,  slip  nipples, 
also  called  piisli  nipples,  and  sci-ew  nipples.  When  push 
nipples  are  used  the  sections  are  connected  at  the  bottom 
with  a  steel  nipple,  made  with  a  slight  taper  that  fits  into 
tapered  openings  machined  in  each  section  of  the  radiator; 
the  sections  are  then  bound  together  by  a  long  iron  rod  that 
passes  through  cored  openings  in  each  section,  and  is  secured 
at  each  end  by  a  thread  and  nut. 

Top  and  bottom  connections  are  made  to  allow  water  cir- 
culation, and  are  used  chiefly  for  hot-water  systems.  The 
top  ends  of  the  steam-radiator  sections  are  usually  not  con- 
nected by  nipples,  but  are  merely  held  in  position  by  lugs 
that  dovetail  into  one  another,  a  bolt  being  passed  through 
the  sections  to  draw  the  tops  together.  The  end  sections 
are  tapped  with  screw  threads  to  suit  the  pipe  connections. 

7.  Serew-Xlpplo  Joints. — Screw-nipple  joints  are  fre- 
qutMitly  made  by  screwing  up  the  sections  on  the  nipples. 
Rij^ht-and-left  screw-nipple  joints  are  made  by  screwing  up 
the  nipples.  Radiators  with  screw-nipple  joints  are  built 
up  by  screwing  on  one  section  at  a  time. 


TYPES  OF  DlllECT  RADIATORS 

8.  Operation. — Direct  radiators  give  off  heat  by  radia- 
tion t(^  all  surfaces  that  absorb  the  rays.  The  concealed,  or 
flue,  surfaces,  that  are  masked  by  adjoining  surfaces,  give 
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off  heat  by  convection  only.  Radiators  having  the  greatest 
exposed  surfaces  on  the  outside  are  usually  considered  to  be 
best  for  direct  radiators,  and  those  exposing  the  greater 
amount  of  surface  to  the  air  passing  through  them  are  cpn- 
sidered  better  for  indirect  heating.  A  combination  of  the 
two  is  used  very  advantageously  for  admitting  fresh  air  for 
supplying  ventilation  by  dlrect-lndlreet  radiation.  The 
heaters  that  are  placed  in  casings,  where  there  is  no 
chance  of  radiant  heat  being  given  off,  are  called  Indirect 
radiators. 

9.  Singrle-Colnmn  Radiators. — A  single-column  radi- 
ator is  shown  in  elevation  at 
(rt),  in  end  view  at  (d),  and 
in  section  at  (r),  in  Fig.  2. 
It  is  called  a  slngfle-column 
radiator  to  distinguish  it 
from  the  regular  two-column 
radiator  in  common  use,  the 
chief  difference  between 
them  being  that  the  single- 
column  radiator  is  only  about 
4J  inches  wide,  while  the 
two-column  radiator  is  about 
7^  inches  wide.  This  radi- 
ator, being  narrow,  is  espe- 
cially  suited  for  use  in 
narrow  halls  or  passages 
where  a  wide  radiator 
would  be  an  obstruction. 
It  presents  a  large  amount 
of  exposed  surface  and  is  consequently  an  efficient  heater. 

It  is  not  suited  for  general  use,  because  the  radiator  must 
be  long  in  order  that  it  shall  contain  a  sufficient  number  of 
square  feet  of  heating  surface. 


Fig.  2 


10.     Two-Column    Radlatoi-s. — Two-column    radiators 
are  similar  to  the  single-column  radiators,  except  that  they 
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are  wider,  and  each  section  consequently  has  a  greater 
exposed  surface.  The  width  is  usually  about  71  inches  and 
the  spread  of  the  legs  about  8J  inches.  Fig.  'S  (*?)  shows  the 
general  appearance  of  a  two-column  radiator,  which  is  built 
up  of  two  end  sections,  one  of  which  is  illustrated  in 
Fig.  S  (/'),  and  a  sufficient  number  of  inside  or  intermediate 
sections,  one  of  which  is  shown  in  Fig.  3  (c).  The  size  of 
the  radiator  is  increased  or  decreased  by  adding  or  removing 


«"\ini 


\)X^^ 


i 


w 


w 


Pto^  a 


intermediate  sections*  The  section  illustrated  in  Fig.  3  (r) 
is  known  as  a  steam  tnterfneillatf?  Beet  I  on.     In  order  to 

make  a  radiator  suitaliip  for  hcil^ water  heating,  a  irater 
Iiit<?riiieillatc  9<?etlon  is  made  with  a  si>ecial  tapping  on 
top,  as  shown  in  Fig.  3  (rf),  which  allows  the  sections  to  be 
connected  together  on  top  as  well  as  on  the  bottom  to 
insure  a  circulation  of  the  hot  water. 


11,    Tliref3!-Column    Rudlutor*4, — Fig.  4  shows  a  hori- 
zontal  section  oi   a   thrue-tuhunn   radiator.     This  is  much 
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wider  than  the  ordinary  two-column  radiator,  being  about 


Plo.  4 


10  inches  wide. 
6  square  feet. 


Each  section  usually  contains  about  5  or 


I 


12*  Four^Cohimn  Hnd!utom,^Ftg.  5  shows  a  four- 
column  radiator  of  standard  height.  Each  sertiun  is 
lOJ  inches  wide,  the  width  of  the 
legs  being  about  11  inches.  Each 
standard  section  contains  about 
8  square  feet  of  surface.  Radiators 
of  this  class  are  suitable  for  pjlaces 
where  lonj^  radiators  cannot  be 
installed,  but  the  surfaces  of  the 
inside  columns  are  inefficient  un- 
less they  are  constructed  so  that 
a  good  upward  circulation  of  air 
is  obtained  through  the  radiator. 
These  inside  surfaces  enclosed  by 
the  outer  columns  do  not  warm 
the  building  by  radiation,  but  by 
convection;  hence,  the  necessity 
of  large  openings  between  the 
columns.  Ordinarily  it  is 
considered  ad  vtsahle  to  a  void 
three-column  and  lour-columu  radiators  as  much  as  possible 
and  use  the  two-column  radiator  instead,  in  which  radiator 
all  the  heatiug  surface  has  a  high  heating  elliciency. 

13*     l*Tue  Ra<natoi*s.^Fig,  *}  (a)  shows  an  end  or  steam- 
leg  section,  and  Fig-  *i  (//)  an  inside  or  intermediate  section, 


FlQ,  5 
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of  a  steam  radiator  of  the  flue  type.  A  sectional  view  of 
the  radiator  sections  placed  together  is  shown  in  Fig.  6  (c).  . 
When  the  sections  are  placed  together,  the  front  edges 
nearly,  but  not  quite,  touch  one  another,  and  a  number  of 
flues  are  formed  by  vertical  ribs  a  cast  on  each  side  of  the 
inner  sections  and  on  the  inner  cheek  of  the  end  section.  \ 
The  sections  are  cast  in  the  form  of  hollow  boxes  with  flat 


rttf 


\s 


LUOOJ 


vVW 


(b) 
Pig.  6 


cheeks,  and  therefore  cannot  resist  a  high  pressure,  even 
though  the  cheeks  may  be  tied  together  by  a  partition  b. 
This  form  of  radiator  is  more  efficient  in  the  low  size  than 
in  the  high  size.  There  are  other  designs  of  flue  radi- 
ators on  tlic  market,  but  they  all  operate  to  heat  the  air  in 
substantially  llut  same  manner,  that  is,  by  inside  flues. 

14.     Dlnln^-Kooin   Kadlatoi's. — Fig.   7  shows  a  special 
dining-room   radiator  containing   a   warming   closet  set  on 
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top  of  a  number  of  low  sections  rt,  and  provided  with  shelves 
inside.  This  warming  closet,  which  is  made  of  cast  iron»  is 
used  for  warming  plates  and  keeping  food  warm.  The  sec- 
tions on  each  side  of  the  closet  are  38  inches  high.     The 


oven  usually  contains  three  shelves,  or  racks,  each  about 
25  inches  long  by  12  inches  wide,  with  an  8-iach  or  TO- inch 
space  between  them.  Some  dining-room  radiators  are 
equipped  with  an  extra  wanning  closet  that  extends  down 
to  the  radiator  base. 


!&•  Corner  Kadlators. — Generally  speaking,  it  is  not 
advisable  to  install  corner  radiators,  but  occasionally  it  is 
actually  necessary  to  use  them.  Heating  surface  in  a 
corner  radiator  is  not  so  cheap  as  that  in  straight  radiator 
form,  because  special  castings  are  required  in  a  corner. 

Fig.  8  (a)  shows  a  corner  radiator  connected  up  complete 
in  the  corner  of  the  room.  A  plan  of  the  corner  .sectiuns 
is  shown  in  Fig.  S  (A).  The  central  corner  section  tf  is  pro- 
vided with  feet,  and  the  other  corner  sections  ^  and  f,  as 
well  as  <?,  have  inclined  sockets,  as  at  f^,  which  are  tapped 
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so  as  to  permit  ordinary  straight   nippies  to  be  used.     As 


corner  radiators  are  usually  large,  it  is  often  necessary  to 
connect  them  with  two  valves,  as  shown. 

16»  Window  IlailIfitoi*H. — It  has  been  stated  previously 
that  the  proper  place  to  locate  a  radiator  is  under  a  window. 
Therefore,  low  radiators  are  commonly  used.  When  it  is 
necessary,  how^ever,  to  place  a  larger  amount  of  radiation 
near  the  winduw  than  can  be  obtained  from  a  low  radiator, 
it  is  necessary  to  make  the  radiator  both  of  low  and  high 
sections,  as  shown  in  Fig,  9,  the  high  section  being  located 
on  each  i^ide  of  the  window.  Radiators  of  this  descripUon 
are  particularly  suited  to  places  where  curtains  and  window 
draperies  will  not  be  used. 

Another  form  of  window  radiator  is  that  in  which  the 
high  sections  come  between  two  windows  and  low  sections 
come* under  the  windows.  The  radiator  shown  in  Figv  U 
is  best  adapted  to  cases  where  there   is   but   one  window 
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in    the   room.     When  two  windows   are   near  each   other, 
tall  sections  may,  howe%^erj  be  placed  between  the  windows, 


Pig.  9 


and  the  low  sections   under  the  windows, 

symmetrical  radiatnn 


This  makes  a 


17.  Stairway  Htvdlators,— Occasionally  it  is  necessary 
to  place  a  radiator  against  the  stairs,  where  an  ordinary 
radiator  would  not  Ije  in  keeping  with  the  surnmndings,  A 
si>ecially  cnni^trncted  radiator  is  commonly  used  for  such 
cases.  It  should  he  built  from  sections  of  different  heights^ 
as  shown  in  Fig,  10,  the  number  of  sections  of  the  same 
height  being  determined  by  the  inclination  of  the  steps. 
When  ordering  such  radiators,  it  is  advisable  to  send  to  the 
radiator  manufacturer  a  drawing  of  the  radiator  desired, 
stating  the  number  of  square  feet  of  radiation  required  and 
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giving  the  pitch  of   the   stairs. 


The  manufacturer  then 
makes  the  radiator  in  ac* 
cordance  with  the  draw- 
ing and  description. 

1 8,  Cir€  vtlar  liiid  la- 
tors. —  Circular  radiators 
are  formed  from  vertical 
loops  by  having  the  base 

of  each  loop  tapering,  so 
that  a  number  of  the  sec- 
tions when  set  together 
will  form  a  circle.  The 
angle  of  the  taper  will  de- 
pend on  the  diameter  of 
the  circle  desired.  The 
manufacturers  of  radiators 
have  patterns  to  suit  dif- 
ferent circles.  Circular 
radiators  having  a  cast- 
iron  base  are  made  any  di- 
ameter desired.  The  base 
section  Is  cast  the  desired 
diameter,  and  the  vertical 
tubes  are  screwed  into  the 
base  section.  The  center  space  of  circular  radiators  is  usu- 
ally left  open  and  forms  a  vertical  flue.  Circular  radiators 
that  are  put  together  in  one  piece  are  connected  up  in  the 
same  manner  as  ordinary  radiators.  If  they  are  put  up  in 
two  pieces,  they  are  composed  of  two  radiators,  each  having 
the  form  of  a  half  circle,  which ^  when  bolted  together^  consti- 
tute a  circular  radiator.  Each  half  is  then  piped  separately. 
Circular  radiators  for  steam  are  made  in  different  heights, 
such,  for  example,  as  45  inches,  38  inches,  32  inches, 
26  inches,  23  inches,  and  20  inches  high  above  the  floor. 
Unless  otherwise  ordered,  circular  radiators  are  usually 
tapped  for  the  supply  pipe  in  fronts  and  for  the  return  pipe 
at  the  back,  of  both  halves*     If  the  circular  radiator  is  in  one 
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piece,  it  is  usually  tapped  for  supply  and  return  connections 
in  front,  so  that  the  steam  circulates  all  around  the  radiator. 

19,  Column  IxK>p  Radiators. — Column  loop  radiators 
require  to  be  made  in  halves,  in  order  that  they  may  be 
placed  around  columns ;  they  are  then  bolted  together.  They 
can  be  obtained  in  different  heights.  Column  radiators 
composed  of  a  cast-iron  base  box,  with  tubes  or  loops 
screwed  in  on  top  to  form  the  radiator  surfaces,  may  or 
may  not  have  a  continuous  base;  that  is,  the  radiator  may 
or  may  not  be  in  one  piece  when  bolted  together  around  the 
column.  Best  practice  calls  for  separate  base  boxes,  that  is, 
two  separate  radiators  bolted  together  and  piped  indepen- 
dently. This  avoids  the  use  of  flanged  joints  between  the 
halves  of  the  base,  and  thus  prevents  liability  of  leakage. 

20.  Wall  Radiators. — Wall  radiators  are  long  narrow 
radiators  that  are  attached  to  the  walls.  They  extend  over 
a  large  area,  and  being  placed  on  the  outer  walls  constitute 
an  excellent  mode  of  distributing  radiating  surface.  Ordi- 
nary radiators  have  the  surfaces  bunched,  and  the  heat 
emitted  from  them  is  consequently  localized,  while  the  heat 
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emitted  from  wall  radiators  is  more  uniformly  distributed 
through  the  room.  Fig.  11  shows  a  wall  radiator  composed 
of  a  number  of  sections  connected  together  in  a  long  line 
with  radiator  nipples  at  the  top  and  bottom  of  each  section, 
and  supported  on  suitable  brackets,  firmly  attached  to  the 
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wall  by  expansion  bolts.  The  steam  enters  one  end  through 
the  inlet  valve,  travels  the  full  length  of  the  radiator, 
and  the  water  of  condensation  escapes  through  the  return 
valve,  the  air  vent  being  located  at  c. 

These  wall  radiators  can  be  made  up  so  that  the  sections 
will  be  either  vertical  or  horizontal,  according  to  the  length 
or  height  of  the  radiator  desired.  The  radiator  shown  is 
known  as  the  Foivier.  There  are  three  sizes  of  section. 
The  standard  size  is  24  inches  long,  12^  inches  wide,  about 
3  inches  thick,  and  contains  7  square  feet  of  radiating  sur- 
face. The  medium  size  is  21  inches  long,  12J  inches  wide, 
about  3  inches  thick,  and  contains  6  square  feet  of  radiating 
surface.  The  short  size  is  17  inches  long,  12^  inches  wide, 
about  3  inches  thick,  and  contains  5  square  feet  of  radiating 
surface.  Wall  radiators  of  the  form  shown  can  be  used  in 
place  of  wrought-iron  pipe  coils,  and  can  be  fastened  to  walls 
and  ceilings,  with  the  sections  extended  or  grouped  together. 
The  construction  of  the  sections  permits  a  number  of  combi- 
nations. The  sections  are  put  together  by  radiator  nipples, 
which  are  screwed  up  fn^m  the  inside  by  a  long  bar  with  a 
square  end  that  engages  projections  inside  the  nipples. 

31,  It  is  not  advisable  to  make  wall  radiators  very  long, 
because  then  the  weight  of  the  sections  strains  the  nipples 
by  subjecting  them  to  tension,  and  makes  them  liable  to 
crack  and  leak.  Instead  of  using  one  very  long  wall  radiator, 
it  is  better  to  use  several  snialkr  ones.  Other  forms  of  radi- 
ators, such  as  single-column  radiators,  can  be  attached  to 
walls  by  iron  brackets,  but  they  have  the  disadvantage  of 
concentrating  the  radiating  surface,  while  the  special  wall 
radiator  distributes  it. 

22,    Wall  iiidlator  suppoi-ts  are  shown  in  Fig.  12;  they 

are  suited  to  the  class  of  radiators  shown  in  Fig.  II.  In 
Fig.  VI  {n)  the  suj)p()rt  a  is  attached  to  a  wainscoted  wall 
by  '^-inch  or  r*.\-inch  screws.  The  radiator  is  set  in  the 
hook  b  which  projects  from  the  hook  plate.  The  upper  tube 
of  the  radiator  rests  against  a  distance  piece  r,  and  is  held 
firmly  in  place  by  the  bolt  d.     This  form  of  hook  plate  is 


fM 


RADIATORS   AND   COILS 


15 


extended  to  the  florjr  and  provided  with  a  duck  foot,  so  that 
the  floor  lakes  the  weight  of  the  radiator,  the  screws  being 
used  oi>ly  to  hold  the  plate  against  the  wall.  Supports  of 
this  character  are  quite  suitable  for  wall  radiators  with 
flexible  connections,  and  are  commonly  used.      But,  should 

I  occasion  arise  when  a  rigid  connection  must  be  made 
between  a  riser  and  the  wall  radiator,  a  special  support 
should  Ire  employed  to  allow  the  end  of  the  radiator  to 
move  with  iht-  expansion  of  the  line.  Of  course,  this  is  not 
desirable,  and  should  be  avoided  as  much  as  possible,  but 

[sometimes  existing  conditions  require  such  a  connection, 
A  sliding  wail  support^  such  as  is  used  in  the  printery  of  the 

,  International  Textbook  Company,  is  shown  in  Fig.  l:i  {^), 


W 
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It  is  attached  to  a  pressed  mottled  brick  wall.  A  cast 
maUeable  frame  a  is  set  on  a  stone  base,  the  frame  being 
secured  to  the  brickwork  by  four  4-jnch  expansion  bolts  ^,  ^. 
The  hook  plate  i*  is  held  against  the  wall  by  the  frame  and 
is  free  to  slide  up  and  down  under  expansion  or  contraction 
I  of  the  riser,  without  the  actual  strength  of  the  support  being 
ftffected  or  the  bolts  loosened.  The  radiator  rests  on  the 
I  hook  li  and  is  held  tightly  against  the  distance  piece  i-  by  a 
[screw  /I  Another  advantage  of  this  hanger  is  that  either 
lend  of  the  radiator  can  be  raised  by  inserting  a  piece  of  irtm 


r 

1 


16 


RADIATORS  AND  COILS 


%U 


under  the  plate  c,  which  is  often  desirable  to  ensure  good 
drainage  of  the  radiator, 

23,     Box   Ba«e    Itadiatoni». — Radiators  that   require   a 
hallow  cast-iron  box  for  the  base,  and  that  are  sometimes  j 
called  column  iMu^e  i*atliators  instead  of  box  base  radi- 
ators^   are    constructed    in    different    ways.       The    most 
common  types  are  the  Btmdy  and  the  Nms&n, 

34.  The  Buody  radiator  is  made  in  many  forms,  the 
distinguishing  feature  being  the  use  of  a  column  known  as 
the  Bundy  loop.  Fig.  13  shows  at  A  a  longitudinal  section 
of  a  Bundy  loop,  and  at  £  a  cross-section.  A  number  of 
these  loops  screwed  into  a  cast-iron  radi- 
ator base  of  suitable  shape  constitute  the 
radiator.  The  Bundy  loop  is  also  used 
for  extending  the  heating  surface  in  some 
hot-water  heaters.  Air  does  not  stay  in 
the  loop,  but  being  heavier  than  steam 
falls  into  the  base  by  gravity, 

Bundy  loop  radiators  are  made  with 
two  sizes  of  loops,  which  are  the  stand- 
ard size  loop  and  the  large  loop.  Each 
loop  is  screwed  into  the  base.  The  bases 
are  tapped  for  steam  and  return  con- 
nections, and  the  height  of  the  radiator 
can  be  varied  by  using  loops  of  different 
lengths.  These  loops  are  made  in  va- 
rious heights,  so  that  radiators  can  be 
built  from  1%  inches  to  45  inches  high. 
The  standard  dimension  loop  is  usually 
made  up  into  radiators  4S  inches, 
36  inches,  30  inches,  24  inches,  and 
18  inches  high.  Radiators  ordered  to 
heights  differing  from  these  are  specials, 
and  they  cost  about  the  same  as  the  next  higher  height. 
For  instance,  a  S'i-inch  radiator  would  probably  be  bjlled 
at  36-inch  price.  Hence,  the  advisability  of  ordering  radi- 
ators according  to  manufacturers*  standard  list  of  heights. 
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25.  Fig,  14  shows  a  Bundy  steam  radiator  composed  of 
one  row  of  Bundy  loops  a^  a,  etc,  screwed  into  a  cast-iron 
base  ^,  and  provided  with  a  grilled  top  in  order  to  make  a  neat 
finish.  This  radiator  presents  all  its  surface  in  a  single 
row  of  loops  as  a  direct  radiating  surface,  but  the  two-, 
three-,  and  four-row  radiators  of  this  type  have  a  large  per- 
centage of  the  surface  that  is  masked  by  the  outer  loops, 


Ftn.  14 

which  prevent  the  direct  radiation  from  them.  Therefore, 
each  of  the  bases  for  the  wider  radiators  is  pierced  by 
openings  that  permit  air  to  flow  through  the  base  and  pass 
Up  between  the  concealed  loops  of  the  radiator.  This  warm 
air  escapes  into  the  room  through  the  top  and  thus  transmits 
heat  from  the  inner  loops  to  the  room  by  convection. 

26t  The  bases  of  Bundy  radiators  can  be  purchased 
tapped  for  both  steam  and  return  connections  at  one  end, 
or  at  opposite  ends,  as  desired. 
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The  widths  of  the  bases  are  about  as  follows: 

Single-row 5 J  inches 

Doubie-row . . .  - . 9|  inches 

Three*row ,   13i  inches 

Four-row  .  . . , 1 TJ  inches 

One  lineal  foot  of  the  standard  size  Bundy  loop  contains  ! 
1   square   foot  of  surface,  and  1  lineal  foot  of  the  large  or 
special  loop  contains  1^  square  feet  of  surface. 

27.     The  Nagsou  tube  radiator,  like  the  Bundy  radiator, 

is  composed  of  a  cast-iron  base  box  surmounted  by  circulating  , 
tubes.     Fig.  15  (a)  shows  a  Nason  tube.     Il  is  connected  to 
the  radiator  base  by  a  screw  joint,  and  is  divided  in  two 
passages  by  means  of  the  sheet-iron   plate  or  diaphragm  a, 
which  extends  nearly  to  the  top  of  the  tube.     This  tube  is 


Fig.  Ill 

closed^  by  welding,  at  the  top*  its  bottom  is  open.  The 
steam,  if  air  is  present  in  the  tube,  rises  on  one  side  of  the 
division  plate  and  descends  on  the  opposite  side,  as  shown 
by  the  arrow.  Each  tube^  therefore,  forms  a  complete 
circuit  tliat  does  not  become  air  bound.  The  cross-section 
of  the  tube  is  shown  in  Fig.  15  (^). 

Fig,   U)  shows  a  three-row  Nason  tube  radiator,  which 
in  construction  is  similar  to  the  Bundy,  except  that  the 
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Nason  tubes  are  used    instead  of  the   Bundy  loops.     The 
Nason  tube  is  a  1-inch  wrought-iron  pipe. 

28.  The  original  Nason  radiator  has  a  hollow  base 
without  any  perforations.  The  improved  Nason  radiator, 
however,  usually  has  a  base  constructed  with  vertical  air 
holes  through  it,  so  as  to  admit  air  through  the  spaces 
between  each  of  the  pipes.  These  holes  are  circular  and 
made  slightly  conical  in  form,  so  that  each  is  in  fact  a  small 
blowpipe*  that  directs  a  current  of  cold  air,  taken  from  the 
floor,  between  the  pipes,  and  increases  the  rapidity  of  cir- 
culation through  the  body  of  the  radiator.  This  is  particu- 
larly valuable  in  radiators  more  than  two  columns  wide. 
In  ordering  such  radiators,  the  improved  form  should  be 
mentioned.  Thefee  radiators  are  tested  under  a  pressure  of 
70  pounds.  Special  radiators  are  made  to  stand  higher 
pressures. 

The  standard  Nason  tube  has  1  square  foot  of  surface, 
and  the  heating  surface  is  increased  or  diminished  by  vary- 
ing the  length  of  the  tubes.  The  usual  height  of  a  Nason 
improved  radiator  is  35  inches.  The  outside  width  of  the 
base  at  the  floor  is  as  follows:  single-row,  5i  inches;  two- 
row,  7J  inches;  three-row,  9J  inches;  four-row,  11]  inches. 
The  usual  height  from  the  center  of  the  tapping  to  the  floor 
is  3|  inches. 

39.  Window-Seat  Radiators. — Steam  fitters  are  occa- 
sionally called  on  to  place  radiators  underneath  seats  in 
tower  and  bay  windows.  The  ordinary  design  of  flue  radi- 
ator is  not  desirable  for  this  purpose,  because  the  seats  usu- 
ally are  placed  so  close  to  the  toj)  of  the  radiator  that  the 
warm  air  is  boxed  in,  so  to  speak,* and  cannot  escape  into 
the  rooms.  Fig.  17  shows  a  special  window-seat  radiator  in 
position.  It  is  composed  of  a  number  of  cast-iron  sections 
connected  by  nipples.  Flues  are  formed  between  the  sec- 
tions, by  curved  fins  placed  on  both  sides  of  the  sections,  as 
shown.  Air  enters  the  curved  flues  at  the  bottom  of  the 
radiator  and  is  ei'ected  from    the   face  of  the   radiator,  and 
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thus  enters  the  room.  The  standard  height  of  this  radiatur 
is  14  Inches ;  depth,  13  inches;  distance  between  center  to 
center  of  the  sections,  3  inches.  In  arranginj?;  a  seat  over  a 
low  radiator,  it  is  advisable  to  insulate  the  under  side  of  the 
seat  with  asbestos,  and  to  keep  the  seat  away  from  the  wall 
1  or  2  inchei^,  so  that  warm  air  may  escape  up  the  back  wall 
and  thus  counteract  the  cold  air  falling  from  the  windows. 
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The  radiator  shown  in  Fig.  17  is  adapted  for  steam  or 
water,  because  it  Is  connected  by  nipples  at  both  top  and 
bottom,  and  is  tapped  at  both  ends.  For  window  radiators, 
hot  water  is  must  suitable,  because  a  medium  temperature 
can  be  employed,  A  steam  radiator  generally  makes  the 
seat  uncomfortably  warm. 


30.    8tanclard    Sizes, — It    is    customary    for    radiator 

manufacturers  to  tap  their  radiators  in  accordance  with  a 
tapping  list;  radiators  are  furnished  tapped  according  to 
this  list  unless  otherwise  ordered.  The  size  of  the  tapping 
commonly  employed  for  loop  radiators  is  given  in  Table  I. 
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TABIiE   I 
RADIATOR   TAPPING    I^IST 


Tapping 

Kind  of  Radiator 

Size  of  Radiator 
Square  Feet 

Inches 

Supply 

Return 

Steam  radiator,  one-pipe  system 

Up  to  24 

I 

Steam  radiator,  one-pipe  system 

Above  24  to  60 

H 

Steam  radiator,  one-pipe  system 

Above  60  to  100 

li 

Steam  radiator,  one-pipe  system 

Above  100 

2 

Steam  radiator,  two-pipe  system 

Up  to  48 

I 

* 

Steam  radiator,  two-pipe  system 

Above  48  to  96 

>i 

I 

Steam  radiator,  two-pipe  system 

Above  96 

ij 

ij 

Hot-water  radiator 

Up  to  40 

I 

I 

Hot-water  radiator 

Above  40  to  72 
Above  72 

Hot-water  radiator 

31.  Special  Tappings. — If  tappings  different  from  those 
given  in  Table  I  are  desired,  they  must  be  specified  in  the 
order.  All  air-valve  tappings  are  made  J-inch  by  the  man- 
facturer;  if  other  sizes  are  required,  they  must  be  ordered 
specially.  Both  the  supply  and  return  legs  of  the  loop 
radiators  usually  have  air-valve  tappings  with  interchange- 
able plugs.  Special  tappings  for  supply  and  return  at  the 
bottom  of  the  same. end  of  a  radiator  are  usually  made 
2-inch,  and  are  bushed  according  to  the  tapping  list. 
Special  tappings  for  top  supply  and  bottom  return  at  the 
same  end  are  usually  furnished  2-inch  and  bushed  down 
according  to  the  tapping  list.  Tappings  in  other  positions 
can  be  also  obtained  if  the  order  is  accompanied  by  a  sketch 
showing  the  size  and  location  of  the  tappings. 


SPECIAL  KADIATOR  SUPPORTS 

32.  I>uck-Foot  Ijej?s. — One  of  the  principal  objections 
to  radiators  standing  on  the  floor  is  that  carpets  cannot  be 
conveniently  laid  without  cutting  and  fitting  them  around 
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the  radiator  feet,  unless  the  radiators  are  disconnected  in 
order  to  lay  or  remove  the  carpets.  To 
avoid  this  trouble,  the  end  sections  of 
some  radiators  are  cast  in  the  form  shown 
in  Fig.  18.  Instead  of  the  sections  being 
provided  with  two  feet,  each  radiator  and 
section  is  supported  on  one  foot  a,  made 
as  shown  in  the  figure.  The  carpet  is  laid 
over  the  foot,  and  can  be  lifted  and  relaid 
conveniently  without  disturbing  the  radiator. 
The  same  thing  is  accomplished  by  the  use  of 
detachable  feet. 

33.  Pedestals. — Occasionally  it  is  neces- 
sary to  raise  a  radiator  off  the  floor  in  order 
to  secure  sufficient  height  to  allow  the  water 
of  condensation  to  flow  freely  out  of  the  radi- 
ator by  gravity.  Pedestals  are  used  for  this 
purpose.  They  can  be  purchased  from  the 
manufacturers  in  heights  varying  from  ^  inch 
to  9  inches.  Pedestals  should  be  avoided,  if 
possible,  because  the  expansion  of  the  lines  sometimes  raises 
radiators  so  that  the  pedestals  become  loose,  removed,' and 
lost. 
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RADIATOR  TOPS 

34.  Radiator  tops  are  perforated  or  solid  slabs  or  plates 
placed  on  the  tops  of  radiators,  either  to  improve  their 
appearance  or  their  utility.  Ordinarily,  loop  radiators 
should  not  be  provided  with  tops,  because  their  appearance 
is  not  sufficiently  improved  to  counterbalance  the  loss  of 
heating  efficiency  due  to  ()l)slructing  the  rising  currents  of 
warm  air.  The  higher  the  velocity  of  air  traveling  between 
the  surfaces  of  the  radiator,  the  more  efficient  is  the  radiator 
as  a  heater.  It  is  customary  to  avoid  the  use  of  tops  on  the 
loop  radiators.  They  are  used,  however,  extensively  on 
radiators  of  the  Bundy  loop  and  the  Nason  tube  patterns. 
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to  make  a  neat  finish.  Solid  radiator  tops,  such  as  marble 
slabs,  should  not  be  used  unless  there  is  a  surplus  of  radi- 
ation in  the  room  to  compensate  for  the  loss  due  to  the  use 
of  such  tops. 


DIRECT-INDIRECT    RADIATORS 


INTRODlTt'TIOX 

35,  Direct-indlpect  radiators,  or  semldlrect  radi- 
ators, as  they  are  very  often  called,  are  placed  and  con- 
nected up  inside  the  rooms  to  be  warmed  by  them  in  the 
same  manner  as  direct  radiators,  except  that  special  connec- 
tions are  made  by  which  fresh  air  from  the  outer  atmosphere 
is  permitted  to  flow  between  the  heating  surfaces  of  direct- 
indirect  radiators  and  enter  the  rooms  warm.  Direct-indi- 
rect radiators,  therefore,  have  the  advantage  of  ventilating 
the  building  as  well  as  warming  it  by  direct  radiation 
They  are  usually  located  against  the  outer  walls,  being  gen- 
erally placed  underneath  windows;  the  air  supply  is  brouglit 
in  through  the  walls.  If  they  are  located  against  the  inner 
walls,  special  sheet-metal  ducts  may  be  used  to  supply  them 
with  fresh  air  from  the  outer  atmosphere. 


DETAILS   OF  INSTALLATION 

36,     Construction     of    llacliator.  —  A    prime    surface 

direct-Indirect  nidlator  is  shown  in  Fig.  I'J.  It  is  a 
simple  two-column  Bundy  radiator  having  the  base  enclosed 
by  plates  a,  which  coiniK'l  the  fresh  air  that  eoincs  in 
through  the  flue  h  to  i)ass  upwards  between  the  hot  radiator 
loops  before  it  can  escape  into  the  r<)«>ni.  The  air  is  thus 
warmed  as  it  enters  the  room.  Fig.  '10  shows  in  section  a 
direct-indirect  flue  radiator  in  position.  Air  from  the  outer 
atmosphere  flows  in  through  the  wall  box  provided  at  a  with 
plates  called  louvre  plates,  to  keep  otit  the  rain  and  snow. 
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The  space  between  the  joists  is  closed  off  with  a  board  b,  so 
that  the  air  is  compeUed  to  rise  through  the  hole  in  the 
floor  at  c^  and  pass  up  through  the  flues  d  uf  the  radiator,  as 
shown  by  the  arrows.  The  base  box,  located  under  the 
radiator,  is  furnished  with  a  valve  or  damper  made  in 
two  halves/, /that  shuts  off  the  cold  air  from  outdoors  by 


Fro.  m 


Fjo.  m 


closing  the  opening  r,  and  with  the  same  motion  opens  com* 
munication  with  the  inside  of  the  room,  so  that  when  the 
outer  air  is  shut  off,  the  air  of  the  room  circulates  through 
the  flues,  ;xnil  the  radiator  then  operates  as  a  direct-flue 
radiator.  When  the  flue  is  open  so  that  fresh  air  passes 
through  tlte  radiattir  from  the  outer  atmosphere,  the  base 
commuiiicaUon  with  the  room  is  closed*  The  front  of  the 
base,    including   the   damper,    can   be  easily   removed   for 
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cleaning  purposes.  The  daraper  can  be  operated  by  a  slight 
pressure  of  the  foot  on  the  end  of  a  rod  that  projects 
through  the  front  of  the  base. 

In  places  where  there  is  a  liability  of  heavy  winds  blowing 
in  rain  or  snow  through  the  wall  box,  it  is  advisable  to 
place  a  galvanized  sheet-iron  bottom  in  the  cold-air  flue, 
between  the  floor  line  and  the  face  of  the  wall  box,  so  that 
rain  blown  in  will  flow  out  again  without  damaging  the 
ceiling  underneath. 

The  method  just  shown  of  connecting  the  cold-air  pipe  or 
tube  from  outside  is  extensively  used  in  small  apartments, 
churches,  and  also  in  office  buildings,  an  outlet  vent  being 
provided  in  each  room  for  the  escape  of  air  from  the  room. 
The  results  obtained  are  usually  fairly  satisfactory,  provided 
the  radiator  is  large  enough  to  warm  the  air  that  will  he 
extracted  by  the  vents.  The  warm  fresh  air  makes  steam- 
heated  rooms  far  more  comfortable  than  those  heated  by 
direct  radiation.  But,  if  the  radiators  are  too  small,  the 
rooms  will  not  be  comfortably  warm. 

37.  Wall  Boxes. — Wall  boxes  made  of  galvanized  sheet 
iron  are  too  light  to  support  mason  work  over  them  and  are 
not  durable;  therefore,  they  should  be  avoided.  vStrong 
cast-iron  boxes  should  be  used,  which  can  be  purchased 
from  radiator  manufacturers  and  are  constructed  to  dimen- 
sions conforming  to  brick  measurements.  Tliey  arc  teener- 
ally  made  5  inches  by  17i  inches.  The  outside  measurement 
of  the  lip  that  is  provided  for  attaching  a  galvanized  sheet- 
iron  connecting  sleeve  to  the  radiator  is  about  4J  inches  by 
17  inches.  This  sleeve  should  be  used  wlienever  possible, 
because  it  makes  an  air-tight  conduit  between  the  wall  box 
and  the  radiator  for  the  incoming  cold  air. 

38.  Damper  Arranjrciiient. — Direct-indirect  radiators 
that  are  made  with  separate  bases  and  tliat  have  double 
dampers  are  better  than  those  that  depend  simply  on  a 
single  damper  in  the  C(^ld-air  inlet,  because  with  a  single- 
damper  arrangement,  circulation  inside  the  radiator  cannot 
be  obtained  when  the  outside  air  is  shut  off,  and  the  radiator 


ZB 


RADIATORS  AND   COILS 


%U 


therefore  becomes  less  effective  as  a  heater.  Sliding  or 
swinging  doors  are  often  fitted  to  the  base  of  radiators 
having  a  single  damper  to  overcome  this  defect, 

A  single-damper  arrangement  is  shown  in  Fig.  2L  The 
damper  n,  which  is  of  the  plain  slide  type,  is  operated  by 
the  rod  if  extended  into  the  room  through  the  base  box  of 


the  radiator.  To  dose  the  cold-air  supply,  the  rod  is  pushed 
in,  and  if  inside  circnlation  is  desired,  the  hinged  dc:>or  f 
may  be  opened  by  hand.  The  radiator  shown  is  of  the 
Nason  improved  type^  having  vertical  tubes  d  passing 
through  its  steam  base  and  supplying  air  to  the  spaces 
between  the  tubes. 
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39.  A  double-damper  arrangement  is  shown  in  Fig.  22 
in  connection  with  a  box  base  that  is  commonly  used  for 
direct-indirect  flue  radiators.  Where  the  cold-air  opening 
comes  in  above  the  floor,  the  collar  a  is  connected  by  a 
sheet-metal  sleeve  to  the  wall  box.  The  radiator  is  set  over 
the  box  base  so  that  the  sections  fit  into  the  recesses  A,  b. 
The    cold-air    damper  c   is   shown    open-  the    circulating 


damper  d  is  shown  closed.  Both  dampers  are  connected 
by  a  rod  e  that  is  operated  by  rods  /  and  g,  connected 
with  e  by  the  lever  pivoted  at  //.  To  close  the  cold-air 
damper,  and  open  the  circulating  damper,  the  rod  /  is 
pushed  in  with  the  foot.  To  open  the  cold-air  damper,  the 
rod  g  is  pushed  in  with  the  foot. 

40.  Where  the  cold-air  inlet  is  l)rought  up  through  the 
floor  under  the  radiator,  the  opening  in  the  floor  to  be 
covered  by  the  damper  in  the  base  is  usually  made  much 
larger  than  the  opening  at  the  back,  where  the  cold -air  inlet 
is  above  the  floor.  The  sizes  of  the  openings  are  usually 
given  by  the  manufacturers  in  their  (\'italogues.  Ordinarily 
the  width  of  the  floor  o[)ening  is  4  inches,  varying  from 
about  4  inches  to  24  inches  in  length,  according  to  the  num- 
ber of  sections  in  the  radiator.  The  width  of  the  o[)ening 
above  the  floor  is  usually  about  2J  inches,  the  length  varying 
with  the  number  of  sections  in  the  radiator. 
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41,  Defects  of  Installation    and    Operation. —  The 

defects  most  commonly  met  with  in  the  installation  and 
operation  of  direct-indirect  radiators  are  lack  of  vent  flues 
to  carry  the  air  from  the  rooms,  locating  the  radiator  where 
it  will  be  exposed  excessively  to  wind,  carelessness  in  oper- 
ating the  radiator  valves,  and  failure  to  keep  up  the  neces- 
sary steam  pressure.  If  properly  installed  and  attended, 
direct-indirect  radiators  give  very  satisfactory  results. 

42.  If  vent  flues  are  omitted,  or  if  they  are  too  small  to 
remove  the  air  from  the  building  quickly  enough  to  insure 
a  good  draft  through  the  direct-indirect  radiators,  the  latter 
will  warm  the  air  chiefly  by  direct  radiation,  and  their  sur- 
face may  then  prove  insufficient  to  properly  heat  the 
building.  When  the  street  doors  of  large  office  and  other 
tall  buildings  are  opened  the  upward  pressure  exerted  by 
the  outer  atmosphere  on  the  column  of  warm  air  in  the 
stairway  openings  causes  a  reverse  current  through  the  flues 
of  direct-indirect  radiators  located  on  the  upper  floors,  the 
warm  air  being  thereby  forced  outward  from  the  rooms  into 
the  atmosphere  through  the  direct-indirect  radiator  flues. 
In  other  words,  the  stairway  openings  act  as  chimneys,  for 
which  the  direct-indirect  radiator  flues  on  the  top  floors 
serve  as  the  upper  opening.  This  is  one  of  the  reasons  why 
it  is  difficult  to  satisfactorily  heat  tall  buildings  by  direct- 
indirect  radiation,  unless  a  large  vent  shaft,  having  openings 
to  each  room,  is  provided,  and  a  revolving  door  placed  at 
the  entrance  of  the  building. 

If  the  wind  blows  strongly  against  one  side  of  a  building 
heated  by  direct-indirect  radiators,  the  wind  will  raise  the 
air  pressure  in  the  building  to  a  point  higher  than  that  at 
the  sheltered  side,  and  the  air  in  the  building  is  thus  blown 
down  through  the  direct-indirect  radiator  flues  and  out 
through  the  wall  boxes  on  the  sheltered  side  of  the  building. 
•  In  such  a  case,  it  is  necessary  to  close  the  fresh-air  openings 
to  the  radiators  on  the  sheltered  side,  and  check  the  cold-air 
openings  on  the  windward  side,  in  order  to  have  satisfactory 
heating  results  during  the  prevalence  of  strong  winds. 
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If  the  radiator  valves  are  not  intelligently  handled  during 
cold  weather,  the  radiator  may  become  partly  filled  with 
water  of  condensation,  which  may  freeze  and  burst  the  radi- 
ator. This  is  liable  to  happen  if  either  the  steam  valve  or 
the  return  valve  of  the  radiator  is  closed.  To  prevent 
freezing,  it  is  necessary  that  steam  be  permitted  to  flow 
through  direct-indirect  radiators  during  cold  weather,  if  the 
fresh-air  damper  is  open.  Should  the  boiler  pressure  be 
permitted  to  go  down,  the  radiator  may  freeze  and  burst 
because  the  lack  of  pressure  fails  to  produce  a  satisfactory 
circulation  of  steam  in  the  radiator,  which  results  in  an 
accumulation  of  water. 


rNTDIRECT   RADIATORS 


lXTRC)I>lT(TION 

43.  Indirect  radiators  are  located  outside  of  the  rooms 
to  be  warmed  by  them;  consequently,  the  heat  given  off  by 
indirect  radiators  is  not  emitted  by  radiation,  but  is  given 
off  by  convection  only.  Air  from  the  outer  atmosphere, 
or  an  inside  supply  from  the  building,  flows  upwards  between 
the  heating  surfaces  of  the  indirect  radiators,  becomes 
warmed,  and  enters  the  room  through  registers,  so  that  in 
buildings  warmed  by  indirect  radiators,  the  only  visible 
parts  of  the  heating  installation  in  the  rooms  that  are 
warmed  are  the  registers.  Indirect  radiators  are  usually 
suspended  from  the  basement  or  cellar  ceiling.  A  cold-air 
due*",  generally  made  of  galvanized  sheet  iron,  conveys  air 
from  the  outer  atmosphere  to  the  under  side  of  each  radi- 
ator, and  the  hot-air  pipe  connects  the  upper  part  of  each 
radiator  to  the  register.  The  radiators  are  encased  by 
suitable  casings  of  galvanized  sheet  iron  or  wood  lined  with 
tin  or  asbestos,  as  the  circumstances  demand. 

Indirect  radiators  are  made  in  a  number  of  forms.  Some 
are  entirely  made  of  cast  iron,  others  partly  of  cast  iron 
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and  partly  of  wrought  iron.  Cast-iron  radiators  generally 
have  flutings,  fins,  or  pins  to  increase  the  exterior  or  heating 
surface  as  much  as  possible,  also  to  cause  the  air  to  impinge 
on  the  heated  surfaces  as  it  flows  through  the  radiator. 
The  pins  and  fins,  or  flanges,  are  so  placed  that  the  air  shall 
take  a  zigzag  course  while  passing  through  the  space 
between  the  sections. 

A   number    of    indirect    radiator   sections    when    joined 
together  are  called  an  indirect  stack. 


INDlllKCT  UADIATOll  COXSTBUCTION 

44.  Prime  Surface  Indirect  Radiators. — A  prime  sur- 
face indirect  radiator  with  flutings  that  form  vertical  flues 
between  the  sections  is  shown  in  Fig.  23.     The  sections  are 
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cast  in  the  form  of  hollow  l)oxes,  and  are  joined  together  by 
slip  nii)ple  connections  at  a  and  b^  the  bolts  c  being  used  to 
draw   the  sections  together  and  make  steam-tight   joints. 


§24 


RADIATORS   AND   COILS 


31 


The  steam-supply  pipe  connects  to  the  opening  d.  Steam 
is  delivered  to  the  upper  left-hand  corner  of  each  section 
and  circulates  through  each  section,  the  water  of  condensa- 
tion being  drained  off  through  the  return  pipe  connected  to 
the  return  tapping  at  b.  The  air  flows  upwards  between 
the  sections,  as  shown 
by  the  arrows,  and 
enters  the  rooms  to 
be  warmed.  The  air 
vent  for  this  indirect 
radiator  may  be  con- 
nected to  the  return 
pipe  between  the 
return  valve  and  the 
radiator. 

45.  A  prime  sur- 
face radiator  com- 
posed of  a  cast-iron 
box  a  and  a  number 
of  Bundy  loops  b 
screwed  into  it  is 
shown  in  Fig.  24.  The  loops  are  inclined  so  that  they  may 
drain  back  into  the  steam  box  a.  Steam  enters  a  through 
the  supply  pipe  f,  and  the  condensation,  water  is  drained 
away  from  the  bottom  by  the  return  pipe  d.  Air  passes 
upwards  between  the  loops,  as  shown  by  the  arrows,  and 
enters  the  rooms. 


Fig.  24 


46.  A  prime  surface  indirect-loop  radiator  in  common 
use  is  shown  in  Fig.  25.  The  sections  arc  screwed  together 
with  right-and-left  nipples,  as  at  a.  Tht;  increased  surface  is 
obtained  by  corrugating  the  loops.  In  order  to  show  the 
corrugations  clearly,  the  left-hand  section  is  partly  broken 
away.  Steam  circulates  from  the  header  through  the  loops 
and  back  to  the  header  again.  Air  passes  upwards  between 
the  corrugations  and  becoitics  heated  before  it  enters  the 
room.     This  is  a  good  form  of  heating  surface,  particularly 
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if  the  upper  row  of  corrugations  is  arranged  over  the  under 
row  so  that  the  air  will  have  to  pass  up  through  the  radiator 

in  a  zigzag  fashion. 


Fig.  25 

47.     Fig,  26  shows  another  effective  form  of  indirect 
radiator.      It  is  composed   of  a  number  of  wrought-iron 

Nason  tubes  a  screwed  into 
the  cast-iron  base  box  i, 
the  inclined  position  o{  the 
tubes  insuring  an  effective 
drainage.  The  steam  enters 
the  base  through  the  upper 
tapping  c;  the  return  pipe 
connects  to  the  tapping  d. 
This  is  a  very  effective 
heater,  because  the  tubes 
are  staggered,  that  is^  each 
tube  is  located  immediately 
over  the  space  between  the 
two  tubes  under  it,  so  that 
the  air  in  passing  through 
the  radiator  is  brought  into 
intimate  contact  with  a  very  large  part  of  the  heating 
surface  of  the  tubes. 
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48.     Extended  Surface  Indirect  Radiators.  — Fig.   27 

illustrates  an  extended  surface  indirect  stack  for  steam  heat- 
ing, which  is  known  as  the  Excelsior,  A  perspective  view 
of  a  complete  stack  is  shown  in  Fig.  27  (^?),  while  Fig.  27  (d) 
shows  a  cross-section  through  three  headers.  The  extended 
surfaces  are  composed  of  fins,  or  flanges,  a  cast  on  the  loops, 
as  shown.  The  sections  are  tapped  at  one  corner  of  the  loop, 
so  that  the  steam  and  return  connections  are  in  line  and  at 
the  bottom  of  the  loop.  The  loops  are  screwed  together  with 
nipples,  as  at  d.  The  illustration  shows  a  steam-supply  j)ipe  c 
connected  to  the  right-hand  side  of  the  stack,  as  it  should 


iiMPU 


Fig.  27 


always  be,  because  each  section  has  a  partition  i/  that  deflects 
the  steam  around  the  sections,  as  shown  by  the  arrows. 
This  insures  a  positive  circulation  throuj^liout  the*  stack.  If 
the  steam  pipe  is  connected  to  the  other  end  of  tlie  stack, 
the  circulation  will  be  imperfect  and  water  hammer  will 
result. 

In  making  up  this  stack,  care  should  be  taken  to  make  the 
distance  between  sections  such  that  the  flan^^es  wmH  interlock 
about  ^  inch.  This  is  found  to  j^ive  the  best  results  if  the 
draft  is  good.  The  sections  can  be  conneeled  up  with  extra 
long  nipples  to  give  additional  area  between  the  sections,  if 
6fr— 11 
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conditions  should  require  the  introduction  into  the  room  of 
a  hirge  volume  of  air  at  a  comparatively  low  temperature, 
as  occurs  in  warming  rooms  liable  to  be  well  fiUcd  with 
people.  It  will  be  noticed  that  the  header  end  of  the  stack 
is  deeper  than  the  return  end;  therefore,  if  the  radiator  is^ 
correctly  hung,  that  is,  with  its  center  line  ef.  Fig,  27  (^inH 
perfectly  level,  the  upper  and  lower  tubes  will  have  an 
inclination  that  allows  the  water  of  condensation  to  dral 
from  them. 


49.    A  form  of  indirect  radiator  having  extended  sur 

faces  formed  by  fins,   and  that  is  particularly  adapted 
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Fig,  £8 

hot'water  heating,  is  shown  in  Fig,  28*  The  sections  can  be 
joined  by  a  push  nipple  or  screw  nipple.  Hot  water  enters 
the  upper  opening  a^  flows  slowly  through  each  section,  and 
returns  through  the  return  pipe  connected  at  b  to  the  boiler. 
Owing  to  ihe  fact  that  the  temperature  of  the  hot  water  in 
the  heating  apparatus  is  lower  than  that  of  steam,  hot- 
water  indirect  radiators  require  to  be  larger  than  steam 
radiators. 


50.    In  many  indirect  radiators  the  heating  surfaces  are 
extended  by  means  of  pins,  whence  the  name  plu  milfatot 
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is  derived,  A  common  form  is  jiliown  in  Fi^^.  29.  The  sec- 
tions arc  hullo w  castinj^s  with  pins  extending  from  the 
cheeks,  as  shown,  A  horizontal  partition  ur  division  plate 
runs  through  each  section  from  the  header  end  to  a  point 
near  the  return  end,  to  compel  the  steam  to  travel  the  full 


length  of  each  section  before  it  reaches  the  return  pipe. 
The  sections  shown  are  pnt  together  with  slip  nipples  and 
boks.  Air  passes  upwards  between  the  pins  in  a  zigzag 
fashion,   and  thus   becomes  warmed   before  entering  the 

building* 

5t-  Fig.  30  {a)  shows  an  end  section  of  an  indirect  radi- 
ator known  by  the  trade  name  of  Gold  pin  i*ti4llator.  The 
end  section  may  be  used  for  the  steam-inlet  end  or  for  the 
water-outlet  end.  In  the  first  case  it  is  called  the  head* 
se<*tloii  ;  in  the  second  case  it  is  spoken  of  as  the  drain 
%R«i*tluii.  Fig.  30  {/f)  illustrates  an  intermediate  section. 
Each  section  has  10  square  feet  of  heating  surface.  This 
form  of  radiator  is  connected  up  with  short  bolts  at  the  top 
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and  bottom  of  the  flanged  joints  between  the  sections,  a 
paper  gasket  being  placed  between  the  flanged  openings  of 
the  sections.     The  paper  used  is  a  heavy  quality  of  plain 
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manila  paper  soaked  in  boiled  linseed  oiL  The  head -section 
is  tapped  usually  at  the  side  or  on  top  for  steam  connec- 
tions, and  the  drain  section  is  tapped  at  the  bottom  for 
return  connections. 

63*  There  are  many  other  forms  of  indirect  pin  radi- 
ators, but  in  a  general  way  their  construction  is  about  the 
same  as  that  of  those  ilhtstrated.  Among  these  other  forms 
may  be  mentioned  the  Perfection  and  the  school  radiator. 
The  Perfection  radiator  has  a  central  partition  dividing  each 
section  into  an  upper  and  lower  chamber.  The  supply  pipe 
is  connected  at  the  top  and  the  return  pipe  at  the  bottom. 
Right-and-left  nipples  are  used  for  connecting  the  sections. 
The  school  radiator  has  targe  pins  and  a  deeper  section 
than  the  other  radiators  described.  It  is  intended  to  be 
used  with  forced-draft  systems*  It  has  large  air  passages 
and  is  designed  to  warm  a  large  volume  of  air  properly. 
The  sections  are  connected  with  right-and-left  nipples. 
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53*  Tappings  of  Indirect  UiulLitors,  ^ — The  supply 
inlet  of  indirect  radiators  is  t- iihcr  ;ii  tht;  top,  the  end,  or 
the  face  of  the  end  section,  and  the  return  outlet  is  either 
on  the  face,  end,  or  bottom.  Indirect  radiators  usually 
have  the  inlet  and  outiet  tapped  fur  the  same  size  of  pipe 
as  direct  radiators  of  the  same  size.  If  a  different  size  of 
tapping  is  wanted,  it  must  be  specially  ordered. 


rNDiREcrr  raxjiatou  installation 
54#    Flues  and  Cadlngrs. — Fig.  31  shows  a  Bundy  angle 


Fig.  m 


indirect  radiator  connected  up  against  the  outer  wall;  it 


^ 
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also  shows  the  sheet-metal  casings  and  air  ducts.  The 
stack  is  suspended  from  the  floor  joists  by  hangers  tf,  a  that 
support  the  cast-iron  steam  base,  and  by  rods  b  that  support 
the  loops  about  one-quarter  from  the  end.  The  lower  end 
of  each  rod  b  is  bent  to  the  form  of  a  hook,  a  2-inch  or  2i-inch 
by  ^-inch  iron  bar  c  being  placed  in  the  hooks,  as  shown. 
These  hangers  are  secured  to  the  floor  joists  by  lag  screws, 
or  bolts  and  nuts.  The  cold-air  duct  takes  its  supply  from 
the  outer  atmosphere  through  a  perforated  screen  having  a 
shield  over  it  at  d.  The  cold  air  is  injected  into  the  casing  e 
at  a  point  where  the  radiator  is  farthest  from  the  casing,  to 
give  an  unobstructed  inlet.  The  hot-air  duct  is  built  in  the 
brick  wall,  as  shown  at/,  its  lower  opening  being  taken  from 
the  widest  part  of  the  air  space  above  the  radiator  stack. 
An  ordinary  wall  register  g  is  located  in  the  side  wall  of  the 
room  to  be  heated,  and  is  provided  with  louvre  valves.  Air 
flows  through  the  radiator  and  into  the  room  as  shown  by 
the  arrows.  A  sheet  //  of  corrugated  asbestos  is  placed  on 
top  of  the  galvanized-iron  casing  to  prevent  the  joists  and 
floor  above  the  radiator  from  becoming  too  warm.  Steam 
enters  the  radiator  at  the  top  of  the  box  casting,  and  the 
water  of  condensation  escapes  through  the  pipe  i  connected 
to  the  bottom  of  the  same  casting.  The  temperature  of  the 
room  is  regulated  by  opening  or  closing  the  register  valves. 
Incidentally,  the  ventilation  of  the  room  is  also  affected  by 
operating  these  valves. 

«55.  A  double  oa,s!npr  for  an  indirect  radiator  suspended 
from  floor  joists  is  shown  in  Fig.  .32.  The  outer  casing  a 
should  be  made  of  crimped  galvanized  sheet  iron.  It  should 
clear  the  radiator  about  1  inch  all  around.  An  inner  casing^, 
which  is  placed  about  \  inch  from  the  radiator,  reaches  from 
the  lower  side  of  the  radiator  stark  t(^  the  top  of  the  outer 
casing.  This  closes  off  commtniication  between  the  cold-air 
space  c  and  hot-air  space  c/ except  throuj^^h  the  radiator,  and 
thus  compels  the  cold  air  to  j)ass  through  the  radiator;  if  the 
space  hc'lwccn  the  (  asings  is  insulated  with  corrugated  asbes- 
tos, it  also  prevents  the  side  of  the  casing  from  becoming 
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overheated.  To  insure  a  thoroughly  cool  floor  over  the 
radiator,  a  frame  2  inches  by  1  inch  is  nailed  to  the  joists 
all  around,  as  at  e.  The  space  inside  this  frame  is  filled 
with  a  sheet  /  of  corrugated  or  air-cell  asbestos.  A  sheet 
of  galvanized  iron  is  then  nailed  to  the  under  side  of  the 
wooden  frame  to  form  the  ceiling  of  the  hot-air  space  d. 
The  hangers  and  supporting  bars  are  next  put  in  place  and 
the  radiator  placed  in  position.     The  inner  casing  ^,  made  of 
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crimped  galvanized  sheet  iron,  is  then  secured  in  position 
by  wood  screws  to  thr  under  side  of  the  wooden  frame  e. 
The  outer  casing  is  now  put  around  the  radiator,  the  top 
being  secured  to  the  frame  c.  The  f)ipe  connections  are 
next  made  through  the  sides  of  the  easing.  The  bottom 
piece  is  then  put  in  place  and  either  double  seamed  or 
bolted  to  the  side  sheets  with  a  slip  joint,  as  shown  at  g. 
The  hot-air  and  cold-air  connections  are  finally  made  to  the 
casing.     - 

The  air  space  above  an  ordinary  indirect  stack,  forming 
the  hot-air  chamber,  slnndd  be  at  least  8  inches  high.      It 


40 


RADIATORS  AND  COILS 


§^4 


should  be  more  if  possible,  to  permit  the  air  passing  through 
the  stack  to  easily  reach  the  outlet  pipe. 

The  cold-air  connection  under  a  stack  can  be  somewhat 
smaller  than  the  hot-air  connection,  but  the  space  beneath 
the  stack  must  not  be  less  than  8  inches.  These  spaces  are 
necessary  in  order  that  the  air  may  pass  uniformly  up 
through  the  radiator  without  undue  resistance. 

56.  An  indirect  easing  w-lth  mixini;  valve  is  shown 
in  Fig.  33.  A  galvanized  sheet-iron  pipe  a  connects  the 
cold-air  space  b  to  the  warm-air  pipe  c  of  the  indirect  stack. 
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The  chain  d,  terminating  in  the  room  to  be  warmed,  con- 
nects with  the  weighted  lever  e  of  the  mixing  valve.  If  the 
air  entering  the  room  from  the  indirect  stack  is  too  warm, 
the  chain  is  pulled  up,  and  the  valve  /  rises  so  that 
then  a  quantity  of  cold  air  will  flow  from  ^  to  r  and  mix 
with  the  warm  air  that  flows  from  g  to  c.  By  adjusting  the' 
chain,  the  hot  and  cold  air  can  be  regulated  so  that  the 
temperature  of  the  air  flowing  into  the  room  can  be  changed 
to  suit  the  requirements.  This  is  a  very  desirable  combina- 
tion, because  the  temperature  can  be  regulated  without 
changing  the  volume  of  air  required  for  satisfactory 
ventilation. 
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57.  Fig.  34  shows  how  a  trunk  cold-air  duct  a  that  sup- 
pHes  a  number  of  indirect  stacks  is  connected  to  the  side  of 
the  casing.     The  trunk  duct  is  run  along  the  ceiling,  and 


«  Fig.  34 


the  branch  drops  down  with  an  offset,  a  damper  being  loca- 
ted at  b.  The  steam  main  is  shown  at  c\  the  steam  valve 
to  shut  off  the  stack  is  located  at  //;  the  return  valve  is 
shown  at  ^,  and  a  right-and-left  coupling  is  located  at  /  for 
making  final  connection. 

58.  Twin  Stacks. — When  conditions  require  the  instal- 
lation of  a  number  of  indirect  radiators,  a  marked  saving  in 
space  and  piping  can  often  be  effected  by  grouping  them 
in  pairs,  which  method  has  the  additional  advantage  of  often 
being  more  plea.ning  to  the  eye  than  the  installation  of  the 
same  number  of  radiators  singly.  A  pair  of  indirect  radi- 
ators thus  grouped  together  is  spoken  of  as  a  twin  stack. 
Fig.  35  shows  a  twin-stack  installation.  One  casing  sur- 
rounds the  two  radiators,  but  is  divided  by  a  central  galva- 
nized sheet-iron  partition  a,  into  two  separate  chambers  b 
and  r,  one  for  each  radiator.  The  cold  air  enters  the 
bottom  of  each  chamber  through  inlet  pipes  having  damp- 
ers d^  d^  both  inlet  pipes  communicating  with  the  same 
cold-air  duct  e.     The  vertical   flues  /,  /  that  conduct  the 
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hot  air  upstairs  are  placed  on  top  of  the  offsets ^,^.     Th 
passage  of  the  air  is  shown  by  the  arrows.     The  air  duct  e 


^^v 
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must  have  twice  the  sectional  area  of  the  inlet  pipe  to  the 

chambers  ^  and  c. 


t 
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53,     Cotinc^ctlon    rj'citii    Window  to  Htii^ks,  —  Fig, 
shows  how  stacks  a^  b^  and  r  may  be  cunnected  with  cold- 
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ducts  to  a  window  opening.  A  damper  d  is  located  in  the 
main  duct  leading  from  the  window  to  shut  off  the  cold-air 
supply  to  all  the  radiators.  The  trunk  duct  is  shown  run- 
ning straight  along  the  ceiling  to  supply  other  radiators. 
A  branch  e  supplies  the  twin  radiators  a^  b,  separate 
dampers  being  located  in  the  cold-air  supply  branches 
underneath;  a  separate  damper  is  also  placed  in  the  branch 
to  c.  A  steam  main/* runs  along  under  the  trunk  duct,  the 
steam  branch  to  the  stack  being  taken  off  the  top  of  the 
main,  as  shown.  A  drip,  or  bleeder,  pipe  g  is  located  at 
the  end  of  the  main  to  remove  condensation  from  it.  The 
return  pipes  //,  //,  and  also  the  drip  g^  are  each  furnished 
with  a  check- valve  to  prevent  water  in  the  return  main  / 
from  backing  up  into  them.  The  hot-air  pipes  from  the 
stacks  are  not  shown. 

In  making  cold-air  duct  connections  to  windows,  care 
should  be  taken  not  to  obstruct  the  light  in  the  cellar.  If 
it  is  necessary,  a  supply  casing  should  be  made  with  inside 
windows,  the  casing  acting  as  a  cold-air  box. 
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60.     Thermostat    Attachments    to    In<llr<»ct     Stacks, 

Fig  37  shows  how  thermostatic  appliances  may  be  arranged 
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to  control  balanced  dampers  a  and  b  of  an  indirect  stack. 
The  object  of  the  thermostat  is  to  so  control  the  air  supply 
as  to  maintain  a  uniform  temperature  in  the  rooms  to  be 
warmed.  A  diaphragm  chamber  c  containing  a  diaphragm, 
the  whole  constituting  the  thermostat,  is  connected  by  a 
rod  to  the  dampers  a  and  b.  When  the  temperature  of  the 
air  in  the  room  warmed  by  the  radiator  becomes  too  high, 
the  pressure  on  the  diaphragm  in  c  is  increased  sufficiently 
to  move  the  dampers  in  such  a  manner  that  the  cold-air 
damper  a  is  opened  farther  and  the  hot-air  damper  b  is 
closed  a  little  more.  When  the  temperature  becomes  too 
low  in  the  room,  the  pressure  in  ^  is  reduced  and  the  motion 
is  reversed,  so  that  the  resulting  temperature  of  the  incom- 
ing air  is  increased  by  reducing  the  volume  of  the  cold  air 
and  increasing  the  volume  of  the  hot  air  at  the  dampers. 
A  right-and-left  adjustment  sleeve  is  located  on  the  rod  at  d 
so  that  the  dampers  may  be  perfectly  adjusted.  Indirect 
stacks  provided  with  automatically  controlled  dampers  that 
change  the  temperature  without  changing  the  volume  of 
the  incoming  air,  are  the  best  heating  devices  for  warming 
buildings,  and  if  a  fan  is  used  to  insure  a  positive,  even 
flow  of  air,  the  results  are  as  nearly  perfect  as  can  be 
obtained  in  practice. 

61.  Window  Indirect  Stacks.  —  Fig.  38  shows  an 
indirect  stack  located  in  a  window  breast.  The  cold-air 
supply  may  be  taken  from  the  floor,  as  shown  at  a^  or 
through  the  wall,  as  with  a  direct-indirect  radiator.  Warm 
air  passes  up  through  the  radiator  and  into  the  room 
through  the  register  face  b.  All  radiators  placed  in 
recesses  and  enclosed  by  screens  or  casings  should  have  a 
proper  arrangement  for  the  circulation  of  the  air.  The 
casing  of  each  should  be  made  with  an  inlet  for  the  cold 
air  as  near  the  floor  as  possible,  and  an  outlet  for  the  warm 
air  at  the  top.  In  some  situations  an  outlet  is  required  at 
the  side;  the  radiator  should  then  be  low  in  height  so  that 
a  deflector  can  be  placed  over  it  to  deflect  the  air  to  the  out- 
let; or,  the  radiator  may  be  finished  with  a  screen  whose 
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grille   work  is  open  the    full   length   and    height  of    the 
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radiator,   the  screen   being  al   least   2   inches   lower  and 
4  inches  higher  than  the  raiHator, 

G*£m  Floor  lUiilhitorH. — Fig.  39  shows  a  floor  radiator. 
The  stack  ib  supporttfd  from  the  joints  by  suitable  iron  bars, 
the  radiator  casing  being  made  somewhat  in  the  form  of  a 
register  box.     Care  must  be  taken  in  this  class  of  work  to 


FtO,  80 


make  proper  provision  for  the  air  to  circulate  uniformly 
through  the  radiator.  Floor  radiators  are  not  very  desir- 
able because  dust  and  dirt  are  swept  iuto  them. 
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03.  Brick-Set  Indirect  Stacks. — Indirect  stacks  are 
soinetinics  encased  in  brickwork  instead  of  sheet  iron,  but 
this  is  more  costly  and  occupies  more  floor  space  than  sheet- 
iron  casings,  and  consequently  brickwork  is  not  much  used, 
except  in  cases  where  large  radiators  are  used  in  connection 
with  fans.  Where  such  chambers  are  built,  they  should  be 
arranged  with  large  cast-iron  doors  beneath  and  over  the 
stack  to  give  access  to  it.  A  good  method  of  building  brick 
chambers  is  to  have  the  entire  front  made  of  iron  and 
secured  so  that  it  can  be  removed  bodily  for  access  to  the 
stack.  This  will  allow  the  stack  to  be  removed  without 
tearing  out  the  brickwork. 

64,  Indirect  lUuliator  Kcprlstijrs. — In  all  natural-draft 
systems  of  warming  by  indirect  radiation,  the  flues  and 
registers  shoukl  be  large.  A  register  should  be  at  least 
twice  the  area  of  the  flues,  so  that  the  velocity  of  the  air 
flowing  into  the  rooms  may  be  reduced  sufficiently  low  to 
prevent  perceptible  drafts.  The  registers  used  for  indirect 
heating  should  be  of  a  better  quality  than  those  used  for 
furnace  heating,  because  the  entire  work  is  of  a  higher 
character.  Each  register  should  be  fitted  with  shutters  or 
valves  set  in  a  frame  fastened  to  the  face.  The  frames 
should  be  closely  fitted  and  securely  attached  to  the  sheet- 
metal  flues,  to  prevent  dust  from  working  out  around  the 
frames  and  soiling  the  walls.  In  wooden  walls  the  register 
should  be  fastened  by  screws  to  the  studs,  or  wooden  frames 
may  be  placed  around  the  face  of  the  flues.  For  brick  walls 
it  is  advisable  to  build  a  cast-iron  frame  into  the  walls  to 
receive  the  register'.  These  frames  are  usually  made  with  a 
beveled  back,  so  that  they  may  be  dovetailed  into  the  wall, 
which  prevents  them  from  being  pulled  out.  They  are 
usually  made  from  2  to  4  inches  in  depth. 

05.  Screens. — Screens  can  be  made  from  woven  wire 
attached  to  iron  frames  fitted  into  openings  in  the  walls. 
They  are  occasionally  used  instead  of  registers,  but  as  they 
require  separate  dampers,  they  are  not  so  well  adapted  for 
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the  purpose  as  regular  registers.  Screens  or  ornamental 
grille  work  are  very  appropriate,  however,  for  radiator 
enclosures  and  for  openings  larger  than  can  be  closed  by  a 
register. 

66,     Hangers  for  Indirect  llacliators. — Fig.  40  shows 

how  J-inch   round-iron 

hangers  a  for  indirect  radi- 
ators   can    be    easily    and 

strongly  attached  to  floor 

joists   or    wooden    beams, 

as   b.      One    end    of   the 

hanger  is  flattened  and  is 

fastened  to  the  side  of  the 

beam  by  two  ^''jj-inch  lag- 
screws.     The  lower  end  of 

the    hanger   is    bent    over 

to  fit  a  ^"  X  J"  iron  bear- 

ing  bar  c  that  supports  the 

indirect  stack  d.     This  is  an  easy  hanger  to  juit  up  after 

the  top  sheet  c  and  insulation  of  the  casing  are  j)ut  in  place. 

An  Iron-beam  hanger  for  an  indirect  stack  is  sliown  at  a. 

Fig.  41.  A  piece  of  1|" 
X  J"  bar  iron  is  twisted  as 
shown.  One  end  is  l)t*nt  to 
form  a  hook  that  will  receive 
a  2A"  X  \"  bearing  bar  /;. 
The  ui)per  end  has  a  hole 
drilled  to  receive  a  bolt  that 
draws  tlie  clanii)s  c\  c  to- 
gether ovtT  the  lower  flange 
of  the  iron  beam.  This  makes 
a  strong  hanger.  The  radi- 
ator casing  should  enclose 
the  hanger.      Therefore,  the 

hangers  should  be  placed  close  to  the  radiators,  so  that  the 

sides  of  the  casing  will  not  be  more  than  1  inch  away  from 

the  heating  surfaces. 
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67.  Fig.  42  {a)  shows  a  simple  arrangement  for  hanging 
a  radiator  with  2^"  X  2^"  angle  iron  bars  and  |-inch  rods. 

One  end  of  the  rods 
is  flattened  and  fas- 
tened to  the  beams  or 
joists  by  two  y'^-inch 
lagscrews  ;  the  other 
end  is  threaded.  The 
four  hangers  being  in 
position,  the  two  angle 
irons  are  attached  and 
held  by  nuts.  The 
radiator  is  then  put  in 
place. 

Fig.  42  (d)  shows  how 
an  arrangement  sim- 
ilar to  that  just  shown 
may  be  attached  to  an 
I  beam.  To  give  a 
wide  range  of  adjust- 
ment, the  |-inch  rods  are  threaded  at  both  ends  and  sup- 
plied with  nuts.  The  clamp  attached  to  the  beam  is  made 
of  2i"  X  I"  iron;  the  angle  irons  are  2^"  X  2^". 

In  Fig.  42  (c)  a  l|-inch  pipe  is  used  for  supporting  the 
radiator.  The  hanger  rod  has  an  eye  fitting  the  pipe, 
whence  this  particular  form  is  called  an  eyebolt. 

Fig.  42  ((/)  shows  the  pipe  support  drilled  to  pass  over 
the  threaded  hanger  rod,  which  arrangement  permits  verti- 
cal adjustment,  which  is  preferable,  as  then  the  stack  can 
readily  be  leveled  or  the  parts  graded  properly. 
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PURPOSE  AND  CONSTRUCTION 
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68,  Pipe  coils  are  made  of  wrought-iron  or  steel-pipe 
and  suitable  fittings;  they  are  built  in  various  forms  to  suit 
different  purposes.  Some  are  used  for  plate  warmers; 
others  are  employed  for  warming  rooms,  when,  for  direct 
heating,  they  are  placed  on  the  side  walls  or  on  the  ceiling; 
in  the  form  of  multiple  coils  they  are  used  for  indirect 
heating. 

Coils  generally  require  to  be  built  to  suit  existing  condi- 
tions, and  consequently  are  not  kept  in  stock  by  manufac- 
turers, but  are  built  to  order,  or  built  by  the  steam-fitter 
himself,  either  in  his  shop  or  on  the  job.  Coils  employed 
in  warming  buildings  are  generally  constructed  from  stand- 
ard pipes  and  standard  cast-iron  fittings;  for  those 
intended  to  be  used  in  connection  with  ice  machines,  evap- 
orating pans,  feed  water  heaters,  etc.,  forged  fittings  are 
commonly  employed. 
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69,  Fig.  43  shows  a  continuous  flat  coll.  It  is  made 
of  straight  pipe  connected  by  return  bends.  The  circula- 
tion of  the  fluid  through  it  is  direct  and  certain,  and  it  is 
regarded  as  one  of  the  most  efficient  forms  in  common  use. 
The  wood  cleats,  or  straps,  a  and  b  are  attached  to  the  wall, 
the  hook  plates  being  fastened  by  screws  to  these  cleats  and 
the  pipes  being  supported  by  the  hook  plates.  Steam  flows 
65—12 
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into  the  coil  through  the  supply  pipet*;  the  water  of  coi! 
densation  returns  to  the  boiler  through  the  return  pipe  </, 
Great  care  must  be  taken  to  so  attach  the  hook  plates 
that  the  pipes  will  be  level,  since  otherwise  pockets  for  water 
will  be  formed  in  the  coils  that  will  produce  water  hammer. 
It  is  not  advisable  to  make  continuous  flat  coils  with  parallel 


FIG.  48 


pipes  much  longer  than  15  feet,  because  of  the  liability  of  a 
settlement  in  the  building  that  will  throw  the  pipes  oflf  the 
level.  The  hook  plates  should  be  located  not  more  than 
d  feet  apart  to  prevent  sagging  of  the  pipes,  when  1-inch 
pipe  is  used  for  this  form  of  coil,  which  is  sometimes  given 
the  name  of  ti'oinlicjne  coll. 


r 


70,  The  pitch  eoll  is  similar  to  that  shown  in  Fig.  4S, 
except  that  the  pipes>  are  all  laid  with  a  pitch  down  from 
the  steam  inlet  on  top  to  the  return  connection  at  the  bot- 
tom. The  return  bends  are  tapped  to  give  the  pitch.  This 
form  of  coil  is  not  as  neat  as  the  trombone  coil»  but  it  drains 
better  and  is  a  more  efficient  heater.  In  making  up  pitch 
coils,  right-hand  threads  can  be  used  throughout,  but  in 
making  short  trombone  coils  it  is  necessary  to  use  right-and- 
left  threads  on  the  pii>es,  because  the  fittings  cannot  be 
revolved.  Long  trombone  coils,  how^ever,  can  he  made  with 
right-hand  threads  throughoLit,  because  the  pipes  will  sprina 
enough  to  allow  of  revolving  the  iittings, , 
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?!•  The  return  coil  is  shown  in  Fig.  44.  It  is  com- 
posed of  two  manifolds  a  and  b  that  are  connected  by  a 
number  of  pipes,  as  shown.  Steam  enters  the  top  of  the 
upper  manifold  and  flows  through  the  coil,  the  water 
of  condensation  being  extracted  from  the  lower  end  of 
the  manifold  b.     If  the  coil  is  short,  say  12  feet  or  less,  it 


i;^ 


Ci 


V 


V 


Pig.  44 

may  be  connected  up  with  the  pipes  level.  If  it  is  long, 
however,  it  is  advisable  to  spring  the  manifolds  apart  a  little 
to  give  a  sufficient  pitch  in  the  direction  of  the  arrows, 
so  that  the  pipes  will  drain  freely.  In  making  up  these 
coils,  the  long  horizontal  pipes  are  first  screwed  into  their 
respective  headers,  and  then  right-and-left  connections  are 
made  between  the  elbows.  For  use  with  exhaust  steam, 
return  coils  with  manifolds  are  superior  to  continuous  coils, 
since  they  offer  less  resistance  to  the  flow  of  steam  through 
the  coil. 

72,     The  an^le  coll  shown  in  Fig.  45  is  used  where  one 
coil  is  placed  on  two  adjacent  sides  of  a  room.     Unequal 


PlO.  45 


expansion  of  the  long  pipes  a^  a  is  taken   care   of  by  the 
pipes  by  by  which  serve  as  spring  pieces,  and  vice  versa.     In 
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making  up  this  coil,  the  pipes,  located  over  one  another,  are 
parallel.  The  pipes  ^,  b  are  connected  last  with  right-and- 
left  threads,  the  elbows  being  right  and  left. 

73.  In  the  miter  coll  shown  in  Fig.  46  the  pipes  are 
connected  to  two  manifolds  a  and  b.  The  circulation  is  likely 
to  be  uneven,  because  the  fluid  entering  at  g  will  naturally, 
owing  to  its  momentum,  flow  to  the  end  of  the  manifold, 
and  so  a  greater  quantity  will  enter  the  pipe  e  than  the 
pipe/*.  The  path  through  ^  ^  is  shorter  than  that  through 
f  d^  and  the  friction  being  less,  the  main  part  of  the  current 


Pig.  4« 


will  go  that  way.  The  horizontal  pipes  being  connected  to 
the  manifold  a,  the  vertical  pipes  will  permit  the  several 
long  pipes  to  expand  independently  as  their  varying  tem- 
peratures may  require.  The  vertical  pipes  will  bend  or  yield 
sufficiently  to  accommodate  the  difference  in  expansion. 
Miter  coils  are  commonly  used  when  continuous  coils  cannot 
be  employed. 

74.  If  a  coil  is  made  by  connecting  two  manifolds,  as  in 
Fig.  47,  it  will  be  difficult  to  keep  the  coils  steam-tight. 
The  upper  pipes  will  expand  more  than  the  lower  ones,  and 
will  either  bulge  or  spring  as  shown,  or  will  crack  themselves, 
or  break  some  of  the  connections,  or  something  must  yield 
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when  the  pipes  expand  unequally.     The  miter  and    angle 
coils  overcome  this  difficulty. 


Fig.  47 


75,  A  do u hie  miter  eoll  is  one  in  which  two  miter  coils 
are  joined  ttjgether  at  their  return  ends  by  one  double- 
branch  manifold,  one  return  pipe  being  used  for  both  miter 
coils.     These  coils,  however,  are  seldom  used. 


SPKCIAI*  Axi>  BOX  coring 

76,  Spiral  coils,  cylindrical  coils,  and  coils  made  in  other 
special  forms  are  used  extensively  for  water  heaters,  etc. 
They  are  made,  according  to  order,  by  pipe- bending  experts 
employed  by  pipe  establishments.  The  worm-coil  is  a 
cylindrical  coil  of  this  class. 

77,  When   several    flat   coils   are   massed    together  as 


FlO.  48 


shown  in  Fig.  48,  the  device  is  called  a  box  t*oih     Steam 
eaters  the  upper  manifold  and  flows  through  each  of  the 
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pipes  down  to  the  lower  manifold,  where  the  water  of  con- 
densation is  drained  away  by  the  return  pipe.  The  box  coil 
shown  is  built  up  with  pitched  pipes.  Formerly  coils  of  this 
character  commonly  served  as  indirect  radiators,  but  lately 
they  have  been  superseded  largely  by  Indirect  radiators 
of  cast-iron » 


HOT  CLOSET 

78,     Fig.  49   shows   a    hot   closnet   located  in  a  butler's 
pantry.     The  closet  is  warmed  by  a  double-return  manifold 


Fig.  49 


cciL  The  pipes  forming  the  coils  are  so  arrang^ed  as  to  give 
three  shelves,  A  woven-wire  screen  is  laid  on  each  row  of 
pipes  on  which  the  plates,  etc.  are  placed.  The  coil  is  sup- 
plied by  steam  through  the  valve  a,  whose  wheel  handle  pro- 
jects into  the  pantry.  The  condensation  es^capes  from  the 
coil   through  the   return  valve  ^,  whose  wheel  handle  also 
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projects  into  the  pantry.  The  closet  is  lined  with  gal- 
vanized sheet  iron,  a  layer  of  corrugated  asbestos  being 
placed  between  the  sheet-iron  casing  and  the  woodwork. 
The  door  is  lined  inside  with  sheet  iron  and  asbestos,  and 
has  a  register  c  placed  in  the  center  of  the  panel.  The  coils 
are  usually  made  with  from  four  to  six  rows  of  pipe,  accord- 
ing to  the  size  of  the  hot  closet  desired.  The  coil  is  sup- 
ported at  the  ends  by  fiat  pieces  of  iron  plate  or  an  iron 
frame  made  of  band  or  angle  iron.  In  constructing  hot 
closets,  care  must  be  taken  to  insulate  them  properly,  to 
prevent  overheating  the  woodwork  around  them. 


BADIATION   CALCULATIONS 


HEAT  liOSSES  FROM  BUILDINGS 


ESTIMATING    ITEAT   LOSSES 

79,  Heat  escapes  from  buildings  in  two  ways:  first,  by 
conduction  through  the  windows,  walls,  floor,  and  roof,  and, 
second,  by  ventilation  or  leakage  of  warm  air.  The  loss 
from  the  latter  cause  will  depend  on  the  tightness  of  the 
windows  and  doors  and  on  the  thoroughness  of  the  con- 
struction of  the  walls,  especially  in  wooden  buildings.  If 
the  outer  walls  are  exposed  to  the  wind,  the  loss  of  heat  by 
conduction  will  be  increased  from  10  to  'M)  per  cent.,  while 
the  loss  by  escape  of  air  if  they  are  not  wind-tight,  will  be 
increased  to  an  unknown  amount. 

The  rate  at  which  heat  will  be  lost  through  walls  and 
windows  has  been  found,  by  careful  experiment,  to  be  pro- 
portional to  the  difference  in  temperature  between  the  inside 
and  outside  air.  The  rate  oi  loss  under  ordinary  conditions, 
in  British  thermal  units,  and  in  rooms  that  have  only  a 
moderate  exposure  to  wind,  is  shown  in  a  diagram  by  Alfred 
R.  Wolff,  M.E.,  given  in  I-'ig.  50.  The  heat  losses  under 
various  conditions  may  be  read  directly  from  the  diagram, 
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the  line  a  showing  loss  through  vault  light;  b^  single 
window;  r,  single  skylight;  d,  4-inch  brick  wall;  r,  double 
window;  f,  double  skylight;  g,  8-inch  brick  wall;  A,  1-inch 
pine  board  door;  /,  12-inch  brick  wall;  j,  concrete  floor  on 
earth;   k^  fireproof   partition;   /,  2-inch  pine  board,  heavy 


I0« 


B.r.J7.  p^r  t  'f.ft.jtfr  *»wr, 


J  A'     §9"      jV      *1lf      &&      6tf      7tf      «•'      #<r    ii^F 

Dif/ertuce  in  TrutpcratHr^. 

Fig.  50 

door;  ;;/,  16-inch  brick  wall;  ;/,  20-inch  brick  wall;  o,  con- 
crete floor  on  brick  arch;  /»,  24-inch  brick  wall;  ^,  28-inch 
brick  wall;  r,  32-inch  brick  wall;  s,  wood  floor  on  brick 
arch;  /,  3G-inch  brick  wall;  //,  40-inch  brick  wall;  v^  double 
wood  floor. 

The  rate  of  heat  loss  through  the  lathed  and   plastered 
walls  of  frame  buildings  of  ordinary  American  construction. 
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FIG.  51 


which  is  not  given  in  Wolff's  diagram,  varies  between  .18 
and  .25  British  thermal  unit  per  square  foot  of  surface  per 
hour  f)er  degree  of  temperature  difference,  the  variation 
being  accounted  for  by  differences  in  the  quality  of  the 
workmanship  and  material,  and  in  the  general  character  of 
construction.  When  in  doubt,  it  is  good  practice  to  use  the 
highest  coefficient  here  given. 

The  requisite  allowance  for  different  exposures  is  indicated 
by  the  figures  on  the  diagram  given  in  Fig.  51,  which  shows 
that  for  north  and  west  exposures 
25  per  cent,  should  normally  be  added 
to  the  calculated  heat  loss,  while  for 
east  and  south  exposures  an  allowance 
of  15  and  5  per  cent.,  respectively, 
should  be  made.  A  further  allowance  of 
10  per  cent,  is  made  for  heating  the  air 
that  constantly  leaks  in  through  cracks 
and  crevices,  and  a  similar  allowance  is  advised  for  the  loss 
of  heat  through  floors  and  ceilings.  When  the  rooms  are 
comparatively  small,  the  results  given  by  the  use  of  the 
diagram  ip  Fig.  50  are  increased  by  the  percentage  indicated 
by  the  figures  given  inside  the  circles  on  the  diagram  in 
Fig.  51. 

If  brick  walls  are  made  double,  with  an  intervening  air 
space,  the  loss  of  heat  is  less  than  that  of  a  solid  wall 
having  an  equal  thickness  of  brick.  The  saving  will  be 
about  .07  or  .08  British  thermal  unit  per  square  foot. 

The  Heat  losses  will  be  increased  by  circumstances  approxi- 
mately as  follows: 

Where  the  exposure  is  northerly,  and  the  winds  are  strong, 
35  per  cent. 

When  the  building  is  heated  during  the  day,  and  is 
allowed  to  cool  off  partially  during  the  niglit,  the  exposure 
being  moderate,  10  per  cent. 

Same,  northerly  exposure  with  high  winds,  40  per  cent. 

When  buildings,  such  as  churches  and  audience  rooms, 
are  heated  occasionally,  for  a  day  only,  and  are  cold  for 
intervals  of  several  days,  50  per  cent. 
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The  temi)eratiire  of  cellars  that  are  not  warmed  may  be 
assuiiied  for  purposes  of  calculation  to  be  32^.  Vestibules 
and  corridors,  frequently  opened  to  the  outer  air  and  not 
heated,  may  be  assumed  to  have  a  temperature  of  20°. 


HEAT-LOSS  COMPENSATION 

80.  In  many  instances,  the  loss  of  heat  from  the  room 
will  be  partially  compensated  for  by  the  heat  emitted  from 
gas  lights,  electric  lamps,  etc.,  and  by  the  heat  given  off 
from  the  persons  occupying  the  room.  The  amount  of  heat 
given  off  per  hour  from  these  sources  is  about  as  follows: 

British 

Thermal 

Units 

Each  adult  person 400 

Ordinary  5-foot  gas  burner,  15  candlepower. . .  4,800 

Welsbach  incandescent  lamp,  50  candlepower. .  2,000 

Electric  incandescent  lamp,  IG  candlepower...  220 

In  lecture  halls  and  large  audience  rooms,  the  amount  of 
heat  given  off  by  the  audience  and  the  lights  may  equal  or 
exceed  that  which  is  lost  through  the  walls  and  windows. 
When  this  occurs,  it  becomes  necessary  to  lower  the  tem- 
perature of  the  fresh-air  supply  below  the  desired  temper- 
ature of  the  room  during  the  presence  of  the  audience. 
Thus,  the  actual  amount  of  heat  required  may  vary  from 
hour  to  hour,  although  the  atmospheric  temperature  is 
stationarv. 


PIU)lH>RTIOXIT^G    RADIATION 


EMISSIVE    CArAC'ITY    OF    RADIATORS 

81.  The  following  general  conclusions  are  deduced  from 
the  results  of  extensive  experiments  and  tests  of  radiators: 

The  various  materials  used  for  radiators  do  not  show  any 
considerable  difference  in  emissive  capacity  under  similar 
conditions  of  internal  and  external  temperature. 
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The  rate  of  emission  is  practically  the  same  for  hot  water 
or  steam,  for  equal  differences  in  temperature. 

The  rate  of  emission  is  not  affected  by  the  internal  vol- 
ume of  the  radiator  tubes,  provided  that  the  sectional  area 
is  large  enough  to  afford  good  internal  circulation. 

In  still  air,  radiators  having  but  one  row  of  tubes  are 
more  effective  than  those  having  two  or  more  rows. 


TABLK    II 
HEAT   EMISSION    FROM  VKUTICAI^-TITBK  RAI>IATOIW 


Difference 

Massed  Tubes 

Single  Row  of  Tubes 

in 

Tempera- 

ture 

40  Inches 

24  Inches 

40  Inches 

12  Inches 

Degrees  F. 

High 

High 

High 

High 

50 

1 .29 

'  1.54 

I  .46 

2  .01 

60 

^'33 

1.58 

150 

2  .06 

70 

1.36 

1.62 

^•54 

2.12 

80 

1-39 

1.66 

1.58 

2.17 

90 

1. 41 

1.70 

1.62 

2  .22 

100 

1 .46 

1.74 

1.65 

2.27 

no 

1.49 

1.78 

1 .69 

2.32 

120 

152 

1.82 

^•73 

2.38 

130 

1.56 

1.86 

1.77 

2.43 

140 

1.59 

1 .90 

1. 81 

2.48 

150 

1.63 

1.94 

1.85 

2.53 

160 

1.66 

I  .98 

1.88 

2.59 

170 

1.69 

2  .02 

1.92 

2.64 

180 

1-73 

2  .06 

1 .96 

2.70 

190 

1.76 

2 .  10 

2  .00 

2   75 

200 

1.80 

2.14 

2.03 

2.80 

210 

1.83 

2.18 

2.07 

2.85 

220 

1.86 

2.22 

2 . 1 1 

2.90 

230 

1 .90 

2.27 

2.15 

2  .96 

240 

I   93 

2..SI 

2.19 

301 

250 

1.97 

2-35 

2.23 

3.06 
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TAIJL.K    III 
IIKAT    KM1S4ION     FROM    C'OMMKltClAL    RADIATORS 


Name  or  Kind  of  Kadiator 


WrouKhl-tron,  vertical   pip«H 

WrouKht-iron  vertical  pipiset 

Niuiun ,,.,,, 


n 


ifr 


WrouKhi-inm.    hot-water. 
Western  No  a .,.. 


WrouK:ht-iron,    Kteam,    West 
ern  No.  a 


Steel,  hot- water,  WeHtern  Net 
Steel.  Hteam,  Western  N«>  i... 


Cast-iron,  Hundy. 


CaKt-iron,  Hundv 

Cast-iron,  Bundy   Ulite. 


Cast-iron,  Reed 

Cast-iron,  Royal   Union 

Cast-iron,  Royal   Union 

Cast-iron,  Ktenm,  Perffction. . 
CuHt-iri>n,  steam.  Perfection.. 
Cast-iron,  steam.  Perfection.. 


Cast-iron,    hol-watt-r,    Perfec- 
tion      


tJimeivtiiitiiK 


Tests  f>f  Kelsey 
and  Jack8<jn 


i6 


Cast-iron,  steam.  Ideal i" 

Cast-iron,  hot- water.  Ideal —  xo 

Cast-iron,  steam,  National —  i<> 

Cast-iron,   extended    surface, 

Whittier 3 

Cast-iron,  indirect,  Michigan 


s 


47  *W 

41.  r? 

43' H 
45  U 

47 '34 

45. IT 

7(^.ou 
4t.au 

4».7« 

J:i.ll 
4M'«n 

4Hu"J 

I     40. ..J 

4.. .00 
40.0i> 


j6.-. 
ja.5 

i*-a 

J5,ci 

37  o 

J7<^ 
,6.fi 

J7  « 
17  »> 

37-3 
17.« 

JI7^" 
3fi.o 


Tests  of  Wo<»d 

ward  and 

Campbell 


C.2 
u.i 


94.0    I     I   (yjtt 


go.o 
146.6 


8q.. 
IV'.' 


;aS...        140 


tS.^'is      3...0  j     14 

.,« ...  I 


i.66g 
1. 8  JO 


1.640 


a. 080 


i.63»> 


i.f/)4 


>!• 


14'. 


I-4i4 


Tests  c 

I>unn  a 

Mack 


^.i  -^ 

it      ^ 

^tt:     « 

&  A 

•-te .  « 

=     c  J. 

0.5 
£2 

^n 

HI 

145.0 

1.700 

144.0 

i.6qu 

IJ3.0 

i.ftao 

133. a 
130.1 
»37.6 

144.8 
148. a 
158.5 
146.3 
147-6 
I5Q5 
144.6 
143.0 
155  0 
>53  a 
»54.4 
»5Q-4 
15J.I 
157.1 
171. 1 

151.0 

1.688 

1470 

1.627 

116.0 

1.583 

151. 0 

i.(>88 

150.0 

IV).0 

1.5^^5 

137-5 

130.0 

1.58a 

157.0 
153.0 
i5«.o 
159.0 

147.3 

«   4.«)6 

147.0 

1.^74 

144  0 

'•433 

147.0 
U6.? 
166.5 
151.5 
1454 
165.6 

«55.3 

ISH.7 

1.55. » 

IM-S 

l^7.6 

158-4 

154.0    1 

153.0 

160.0 

159.6 

164. J 

15»." 
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With  equal  surfaces,  in  still  air,  low  radiators  are  more 
effective  than  tall  ones,  and  horizontal  tubes  are  more 
effective  than  vertical  ones. 

82.  The  total  emission  of  heat  per  hour,  from  direct 
vertical-tube  radiators,  in  still  air  per  square  foot  of  external 
surface,  for  each  degree  difference  of  temperature,  is  given, 
in  British  thermal  units,  in  Table  II. 

83.  Prof.  Rolla  C.  Carpenter,  in  the  **  Transactions  of 
the  American  Society  of  Heating  and  Ventilating  Engi- 
neers," has  made  public  the  results  of  tests  on  a  large 
number  of  radiators  in  the  market;  an  abstract  of  these 
tests  is  given  in  tabular  form  in  Table  III.  The  coefficient 
of  emission  is  the  number  of  British  thermal  units  emitted 
per  square  foot  per  hour  per  degree  of  temperature  difference. 

84.  The  comparative  efficiency  of  flue  radiators  and 
plain-surface  radiators  having  the  same  size  is  indicated  by 
the  experimentally  derived  values  given  in  Table  IV.     The 


TABLE  IV 
COMPARISON  OF  FIATE  IIADIATOIIS   AND  PLAIN   IIADIATORS 


Temper- 
ature 
Difference 

Degrees  F. 

Radiating  Sur- 
face 
Square  Feet 

B.  T.  U.  Emitted 

per  Hour 

per  Square  Foot 

per  Degree 

Total   B.  T.  U. 

Emitted  per  Hour 

per  Degree 

2 

B 

Extended 
57.80 

Plain 

Fixtended 

Plain  1  Extended 

Plain 

173 

1.65 

95-37 

I 

172 

40.40 

1.97 

79.58 

I 

158 

6.40 

2.05 

13.12 

2 

154 

4.24 

2.39 

10.13 

2 

153 

63.10 

1-39 

87.81 

3 

153 

41.20 

1.85 

76.22 

3 

155 

7. .8    ! 

1 .90 

13-64 

4 

159 

!  4.50 

2.24 

10.08 

4 
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data  in  the  second,  fourth,  and  sixth  columns  refer  to  the 
radiators  in  their  original  condition,  that  is,  having  the 
usual  ribs  shown  in  Fig.  7;  the  data  in  the  third,  fifth,  and 
seventh  columns  refer  to  the  same  radiators  with  their  ribs 
removed. 

The  table  gives  the  result  of  tests  made  on  four  different 
radiators  by  Messrs.  Denton  and  Jacobus  in  July,  1894. 

It  will  be  observed  that  while  the  rate  of  emission  from 
the  plain  surfaces  is  higher  than  that  from  the  extended 
surfaces,  the  total  emission  is  less ;  this  result  is  due  to  the 
great  difference  in  area  of  the  actual  emitting  surfaces. 


85.  The  average  rate  of  emission  of  heat  from  ordinary 
indirect  radiators  that  are  enclosed  in  a  box  and  deliver 
warm  air  to  rooms  above  through  a  vertical  flue  is  shown  in 
the  following  tables: 

TABIiE  V 

HEAT  EMISSION  FROM    EXTENDED-SURFACE 
INDIRECT  RADIATORS 


Height  of  Flue 
Feet 

Velocity  of 
Air 

Feet 
per  Second 

Emission  of  Heat 

per  Sq.  Ft.  per 

Hour,  per  Degree 

Difference 

B.  T.  U. 

5 

2.90 

1.70 

lO 

4.10 

2.00 

15 

5.00 

2.22 

20 

5-70 

2.38 

25 
30 

6.30 
6.70 

2.52 
2  .60 

35 

714 

2.67 

40 

7.50 

2  .72 

45 
50 

7..  90 
8.20 

2.76 
2.80 

The  radiators  to  whi(*h  Table  V  refers  are  the  ordinary 
cast-iron  extended-surface  indirect  radiators;  those  to  which 
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TABLE   TI 

HEAT  EMISSION  FROM  PI^IN-SURFACE  INDIRECT 
RADIATORS 


Velocity  of  Air 

! 

Heat  Emitted 

Velocity  of  Air 

Heat  Emitted 

Feet  per  Second 

B.  T.  U. 

Feet  per  Second 

B.  T.  U. 

3 

3-42 

12 

6.93 

4 

4.00 

14 

7.50 

5 

4.50 

16 

8.06 

6 

4.94 

18 

8.50 

7 

5-33 

20 

9.00 

8 

571 

22 

9.42 

lO 

6.33 

24 

9-79 

Table  VI  refers  are  made  of  1-inch  pipe,  massed  closely 
together,  with  air  circulated  over  their  surfaces  by  mechan- 
ical means. 


RUL.KS  FOR  RADIATOR  SURF  AC  E 

86.  General  Rules. — The  method  of  computing  the 
amount  of  radiator  surface  required  for  any  given  service 
is  as  follows  : 

Having  ascertained  the  amount  of  heat  to  be  supplied,  in 
British  thermal  units  per  hour,  the  diflference  in  tempera- 
ture between  the  air  to  be  heated  and  the  heating  medium 
used  in  the  radiators  is  found.  If  hot  water  is  used,  the 
temperature  considered  should  be  the  average  of  its  tem- 
peratures at  entering  and  leaving  the  radiator.  The  coef- 
ficient of  emission  may  then  be  ftnnid  by  referring  to  the 
preceding  tables.  The  coefficient  or  number  that  corre- 
S]X)nds  most  nearly  to  the  given  ditferenre  of  temperature 
and  to  the  kind  of  radiator  to  be  used  should  be  multiplied 
by  the  difference  in  temperature,  in  degrees.  The  product 
will  be  the  total  emission  of  heat  per  scpiare  foot  per  hour 
that  may  be  expected. 
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The  area  of  radiator  surface  required  may  then  be  found 
by  dividing  the  total  amount  of  heat  required  per  hour  by 
the  emission  from  1  square  foot  as  computed. 

For  heating  by  direct  radiation,  the  amount  of  heat  to  be 
supplied  per  hour,  neglecting  leakage,  will  be  equal  to  the 
heat  losses  per  hour  through  the  windows  and  walls. 

Heating  systems  in  the  United  States  of  America  are 
generally  so  proportioned  that  the  amount  of  radiating 
surface  provided  will  be  sufficient  to  meet  the  require- 
ments of  zero  weather,  and  ordinarily  the  difference  between 
the  temperature  of  the  radiating  surface  and  that  of  the 
air  in  the  room  is  150°,  under  which  conditions  it  is  cus- 
tomary to  figure  that  each  square  foot  of  radiating  surface 
emits  2  British  thermal  units  per  degree  difference  of  tem- 
perature, or  a  total  emission  of  300  British  thermal  units 
per  hour. 

Example. — A  certain  building  requires  a  supply  of  heat  amounting 
to  200,000  heat  units  per  hour,  and  it  is  to  be  heated  by  direct  radi- 
ation supplied  with  steam  having  a  temperature  of  220''.  The  radi- 
ators are  to  be  of  the  Bundy  type,  37  inches  high.  How  many  square 
feet  of  radiating  surface  will  be  required  to  maintain  the  temperature 
of  the  air  in  the  building  at  TO''  ? 

Solution. — The  difference  in  temperature  between  the  heating 
agent  and  the  air  will  be  220^  —  70^  =  150\  The  coefficient  of  emis- 
sion, by  Table  III,  is  2.02.    Then  the  area  of  radiating  surface  required 

87.  A  greater  amount  of  heat  than  is  necessary  with 
direct  heating  is  required  for  indirect  heating,  on  account 
of  the  large  amount  of  heat  lost  by  ventilation  with  the 
latter  system.  Of  course,  no  fresh  hot  air  can  be  intro- 
duced unless  an  equal  amount  of  air  be  expelled  from  the 
room  at  the  .ame  time.  Consequently,  all  the  heat  con- 
tained in  the  fresh-air  current  below  70°  (or  the  desired 
temperature  of  the  room)  will  be  lost  by  passing  off  with 
the  spent  air — that  is,  by  ventilation.  The  fresh-air  cur- 
rent must  be  heated  from  20°  to  50°  hotter  than  the  desired 
temperature    of    the    room,    so    that,   in   cooling  to  that 
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temperature,  it  will  give  off  an  amount  of  heat  sufficient  to 
make  good  the  loss  by  conduction  through  the  walls,  win- 
dows, etc.  TJius,  in  using  a  current  of  fresh  air  having  a 
temperature  of  110°,  to  maintain  a  room  at  70°,  the  external 
temperature  being  zero,  yYu  ^^  ^^^  ^^^^  imparted  to  the 
current  will  be  lost  by  ventilation,  and  only  jW  will  be 
available  to  compensate  for  the  loss  of  heat  from  the  room 
through  the  windows  and  walls. 

With  indirect  heating,  to  find  the  total  heat  loss  for  any 
case  arising  in  practice,  multiply  the  heat  loss  through  the 
windows  and  walls  by  the  difference  between  the  tempera- 
ture of  the  heated  fresh-air  current  and  the  external 
temperature;  divide  this  product  by  the  remainder  obtained 
by  subtracting  from  the  difference  between  the  tempera- 
ture of  the  heated  fresh-air  current  and  the  external  tem- 
perature the  difference  between  the  temperature  at  which 
the  room  is  to  be  maintained  and  the  external  temperature. 

In  contracts  for  heating,  it  is  customary  to  specify  that 
the  building  must  be  heated  to  70°  F.  with  the  external  air 
at  zero;  taking  these  values  the  directions  just  given  will 
assume  a  simpler  form,  as  follows: 

Rule. —  To  find  the  total  heat  loss  with  an  indirect  heating 
system^  multiply  the  heat  loss  through  the  windozcs  and  walls 
by  the  temperature  of  the  heated  fresh-air  current ;  divide 
this  product  by  the  difference  betzueen  the  temperature  of  the 
heated  fresh-air  current  and  70. 

Or,  L,  =    y.-y^ 

where  L^  =  total  heat  loss; 

L  =   heat  loss  through  windows  and  walls-, 
T  =   temperature  of  heated  fresh-air  current. 

Example.  —  The  heat  loss  throujrh  windows  and  walls  being 
90.000  British  thermal  units  per  hour,  and  the  temperature  of  the 
hot  fresh-air  current  120  ,  what  is  the  total  heat  loss? 

Solution. —  x\pplying  the  formula  just  Riven, 

L,  =  *\;;;'_^^'  =  ^^"-'"-^  ""■  'r-  U-     Ans. 
«6— 13 
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88.  The  radiating  surface  required  with  an  indirect  heat- 
ing system  is  computed  in  the  same  manner  as  described  in 
Art.  86,  except  that  the  total  loss  of  heat  is  first  computed 
from  the  heat  loss  through  windows  and  walls  by  the  rule 
in  Art.  87. 

Example, — The  loss  of  heat  from  a  certain  building,  by  conduction 
through  the  walls  and  windows,  is  200,000  British  thermal  units  per 
hour.  It  is  desired  to  heat  the  building  by  the  indirect  system  with 
natural  draft,  with  steam  having  a  temperature  of  220".  The  average 
temperature  of  the  hot  air  at  entering  the  rooms  should  be  40''  above 
that  in  the  rooms.  The  building  is  two  stories  high,  and  all  the  radi- 
ators are  to  be  located  in  the  basement.  How  many  square  feet  of 
radiator  surface  will  be  required  to  maintain  the  internal  temperature 
of  the  building  (neglecting  the  basement  and  attic)  at  a  temperature 
of  70°,  the  outer  air  being  at  zero  ? 

Solution.— The   total   heat  loss,  by  the  formula  in  Art  87,  is 

ggg^91^^;^  ^  ^Q>  =  550,000  B.  T.  U.     The  height  of  the  flues  will  be 

(«0  -h  40)  —  «0 

about  10  ft.  on  the  first  story  and  20  to  25  ft.  to  the  second  story. 

By  Table  V,  the  coefficients  of  emission  for  these  heights  are  2  and 

2  -i-  2  52 
2.52  B.  T.  U.,  respectively,  the  average  being  — ^ =  2.26.    The 

difference  between  the  temperatures  of  the  steam  and  the  cold  outer 
airis220\     Then,  ^/^O  x220  "  ^>^^  ^-  ^^-     -^^• 

A  method  for  determining  approximately  the  amount  of 
indirect  radiating  surface  required  is  to  add  60  per  cent,  to 
the  direct  radiation  that  would  be  necessary  to  do  the  heat- 
ing without  ventilation;  or,  in  other  words,  to  multiply  the 
direct  radiation  by  l.G. 

89.  For  direct-indirect,  or  semidirect,  heating,  the  area 
of  radiator  surface  required  may  be  found  by  computing 
the  area  for  direct  heating,  and  adding  25  per  cent.,  that 
is,  multiplying  by  1.25. 

90.  llaldwin-s   llule  for  IMrect  Radiation. — One  of 

the  most  simple,  and  probably  most  correct,  empirical  rules 
used  in  computing  the  size  of  direct  radiators  is  that  orig- 
inated by  Mr.  Wm.  J.  Baldwin  and  is  as  follows:     *^  Divide 
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the  difference  between  the  temperature  at  which  the  room 
is  to  be  kept  and  that  of  the  coldest  outside  atmosphere  by 
the  difference  between  the  temperature  of  the  steam  pipes 
and  that  at  which  you  wish  to  keep  the  room,  and  the 
quotient  will  be  the  square  feet,  or  fraction  thereof,  of 
plate  or  pipe  surface  to  each  square  foot  of  glass,  or  its 
equivalent  in  wall  surface." 

From  this  the  following  rule  is  obtained: 

Rule. —  To  find  the  minimum  number  of  square  feet  of 
direct  radiation  required^  multiply  the  difference  between  the 
desired  temperature  of  the  room  and  that  of  the  external  air 
by  the  sum  of  the  glass  surface  and  equivalent  glass  surface, 
in  square  feet.  Divide  the  product  by  the  difference  betiueen 
the  temperature  of  the  heating  surface  and  that  of  the  air 
in  the  room.  The  temperatures  are  to  be  taken  in  degrees 
Fahrefiheit. 

ur,  ^^      t^^T 

where  5  =  radiation,  in  square  feet ; 

T  =  desired  temperature  of  the  room ; 
/  =  temperature  of  external  air; 
G  =  sum   of    glass    surface    and    equivalent    glass 

surface ; 
/,  =  temperature  of  radiating  surface. 

The  quantity  of  heating  surface  found  by  this  simple 
rule  merely  compensates  for  the  amount  of  heat  lost  by 
transmission  through  the  windows,  walls,  and  other  cooling 
surfaces;-  it  does  not  provide  for  cold  air  entering  the  room 
through  loosely  fitting  doors,  windows,  etc.,  and  an  ample 
allowance  must  be  made  for  this.  Some  buildings  are  so 
poorly  constructed  that  50  per  cent,  or  more  must  be  added 
to  the  amount  of  heating  surface  obtained  by  the  above 
rule,  in  order  to  counteract  the  cooling  effect  of  these  air 
leakages.  A  common  practice  is  to  add  ;i5  per  cent,  for 
buildings  of  ordinarily  good  construction.  Besides  this 
addition  for  air  leakage,  an  ample  allowance — say  20  per 
cent. — should  be  made  for  rooms  exposed  to  cold  winds. 
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and  this  allowance  should,  if  possible,  be  made  in  the  form 
of  an  auxiliary  radiator  to  prevent  overheating  the  rcx>ms 
during  moderate  weather. 

In  the  appHcation  of  the  above  rule,  the  equivalent  glass 
surface,  abbreviated  E.  G.  S.^  is  obtained  by  dividing  the 
exposed  wall  surface  by  10* 

91,    The  manner  of  using  the  rule  given  in  the  preceding 

article  can  be  shown  best  by  an  example. 

Suppose  that  there  are  three  rooms  A,  B,  and  C,  as  shown 
in  Fig.  5'^,  of  precisely  the  same   dimensions,  and,  conse- 


quently,  having  the  same  cubical  contents,  the  rooms  being 
each  25  feet  long  by  tO  feet  wide,  with  a  lO-foot  ceiling. 
Also  suppose  that  the  halls,  or  corridors,  D  and  the  other 
rooms  in  the  building  will  be  warmed  to  a  temperature 
equal  to  that  desired  in  A,  />\  and  C  by  radiators  not  shown. 
The  amount  of  heating  surface  is  to  be  suflacitnt  to  main- 
tain a  temperature  of  To"*  F.  in  A,  h\  and  C,  assuming  that 
the  radiators  will  be  heated  by  steam  having  a  gauge  pres- 
sure of  5  poundsj  the  outside  temperature  being  10^  below 
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zero.     Suppose  that  the  windows  are  each  6  feet  by  3  feet, 

and  that  the  exposed  walls  are  built  of  good  ordinary  brick, 

lathed  and  plastered  inside. 

The  amount  of  glass  surface  in  room  /I   is  6  X  3  X  4 

=    72  square    feet.      The   exposed   wall    surface    reduced 

.     ,     ,       ,                .          .      (25  X  10  +  20  X  10)  -  72 
to   equivalent    glass    surface    is    -^^ '— — 

=  37.8  square  feet.  Assuming  that  in  this  case  the  inner 
walls,  ceilings,  and  floors  are  not  cooling  surfaces,  the  sum 
of  the  glass  surface  and  equivalent  glass  surface  for  room  A 
is  72  +  37.8  =  100.8  square  feet.  The  temperature  of  steam 
at  5  pounds  gauge  pressure  is  227°,  nearly.    Substituting  in 

.u     f  1       •         •      A   .   o/^     c         [70- (-10)1  X  109.8 

the  formula  given  in  Art.  90,  5  = \^^.  ^i,^ 

'  227  —  70 

=  56  square  feet,  nearly.  It  wfll  be  plain  that  the  differ- 
ence between  70°  above  zero  and  10°  below  zero,  expressed 
by  [70  -  (-  10)],  is  70  +  10  =  80°.  The  number  of  square 
feet  of  radiation  so  far  calculated  is  sufficient  to  counter- 
act the  cooling  effect  of  the  walls  and  windows;  for  air 
leakage,  25  per  cent,  may  be  safely  added,  giving  5G  X  1.25 
=  70  square  feet.  For  exposure  to  winds,  20  per  cent. 
may  be  added,  giving  70  X  1.2  =  84  square  feet  of  direct 
radiation  required.  For  convenience,  this  may  be  divided 
so  as  to  give  two  radiators;  for  instance,  the  radiator  a  may 
be  given  an  area  of  5G  square  feet,  and  the  radiator  /;  an 
area  of  28  square  feet.  This  will  so  divide  the  radiator  sur- 
face that  one-third,  or  28  square  feet,  may  be  used  for  duty 
during  mild  weather;  two-thirds,  or  5G  square  feet,  for  mod- 
erate cold  weather;  and  the  whole,  or  84  square  feet,  for 
use  during  severe  weather. 

In  like  manner  and  under  the  same  conditions,  it  is  found 
that  the  sizes  of  the  radiators  f,  r/,  and  e  should  be,  respect- 
ively, 40,  82,  and  42  square  feet. 

If  the  coldest  winds  blow  in  the  direction  of  the  arrow, 
the  radiator  having  82  square  feet  should  be  placed  in  the 
left-hand  exposed  corner  of  the  room  C.  A  better  distri- 
bution of  the  radiator  surface  in  this  room  would  be  to 
make  d  42  square  feet  only,  and  place  a  radiator  having 
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40  square  feet  between  the  windows  toward  which  the  arrow 
points;  this  will  give  a  more  uniform  temperature  to  the 
room. 

It  will  be  observed  that  A,  B,  and  C,  which  are  three 
rooms  having  the  same  shape  and  cubical  contents,  respec- 
tively require  84  square  feet,  40  square  feet,  and  124  square 
feet  of  heating  surface,  in  order  to  maintain  a  temperature 
of  70°  F.  in  each  while  the  outer  atmosphere  is  10®  below 
zero. 

92.  Common  Approximate  Rule. — A  rule  known  to 
steam  fitters  and  heating  contractors  as  the  Two-Tiventy- 
Tzvo  Hinidrcd  Rule  (2-20-200)  is  a  simple,  quickly  applied 
rule  in  quite  common  use  for  obtaining  the  approximate 
size  of  a  direct-steam  radiator.  The  rule  is  intended  to 
give  an  amount  of  radiation  sufficient  to  comply  with  the 
usual  specification  that  the  rooms  must  be  heated  to  70° 
during  zero  weather. 

Rule. — Divide  the  glass  surface^  in  square  feet^  by  2^ 
the  exposed  wall  surface^  in  square  feet^  by  20^  and  the  con- 
tents of  the  room^  in  cubic  feet^  by  200 ;  the  sum  of  the 
quotients  is  the  amount  of  heating  surface  required^  in 
square  feet, 

^'''  '^  ""    2  "^  20 +  200 

where        5  =  radiation,  in  square  feet ; 

A  =  glass  surface,  in  square  feet; 

B  =  exposed  wall  surface,  in  square  feet; 

C  =  cubic  contents,  in  cubic  feet. 

Example  1.— How  many  square  feet  of  common  cast-iron  standard 
steam  radiation  is  required  to  heat  a  room  having  180  square  feet  of 
glass  surface,  9<Ki  square  feet  of  exposed  wall  surface,  and  20,000  cubic 
feet  of  space  ? 

Solution.— Applying  the  formula  corresponding  to  the  rule, 

IHO      900      20.000        __         .        - 
.S  =  -^-  +  2^-  +  "2^  =  235  sq.  ft.     Ans. 

Example  2— How  many  square  feet  of  direct  steam  radiation  is 
required  to  heat  the  rooms  A,  li,  and  Cin  Fig.  62? 
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Solution. — The  room  A  has  6x3x4  =  72  sq.  f  t.  of  glass  surface, 
(25  X  10  -f-  20  X  10)  —  72  =  378  sq.  ft.  of  exposed  wall  surface,  and  25 
X  20  X  10  =  5,000  cu.  ft.  capacity.  Applying  the  formula  corre- 
sponding to  the  rule, 

-        72      378      5.000        ^^  ^         .        . 

The  room  ^  has  6  X  3  X  2  =  36  sq  ft.  of  glass  surface,  20  X  10 
—  86  =  164  sq.  ft.  of  exposed  wall  surface,  and  25  x  20  X  10 
=  6,000  cu.  ft.   capacity.     Applying   the   formula   corresponding  to 

the  rule, 

^       36      164      5,000       ^,  -         -        . 
•^=T^W^i00    =51.2sq.ft.     Ans. 

The  room  C  has  6  X  3  X  6  =  108  sq.  ft.  of  glass  surface.  (20  x  10 
4-  25  X  10  4-  20  X  10)  —  108  =  542  sq.  ft.  of  exposed  wall  surface,  and 
25  X  20  X  10  =  5,000  cu.  ft.  capacity.  Applying  the  formula  corre- 
sponding to  the  rule, 

^        108      542      5.000        ,^  ,         ,^       . 

•^  =  -2-^w^-20(r  =  ^^•^"^•^^-  ^""• 

93.  Example  2  of  Art.  92  gives  an  opportunity  of  com- 
paring the  rule  given  in  that  article  with  Baldwin's  rule 
given  in  Art.  90.  The  comparison  shows  that  the  results 
are  about  the  same  for  ordinary  rooms  with  ordinary  expo- 
sures. For  inside  protected  rooms  the  2-20-200  rule  gives 
results  from  10  to  20  per  cent,  too  large,  and  for  very  much 
exposed  rooms  from  10  to  20  per  cent,  too  small.  This  shows 
that  gocd  judgment  must  be  exercised  in  using  the  2-20-200 
rule,  making  proper  allowance  for  extreme  exposures,  and 
proper  deductions  for  protected  rooms. 

94.  Rules  for  Semldlroct  and  liullreet  Natural - 
I>raft  Radiators.— Both  Baldwin's  and  the  2-20-200  rule 
are  for  direct  radiation.  For  semidirect  radiators,  the  radi- 
ating surface  should  be  25  per  cent,  larger,  and  for  indirect 
natural-draft  radiators  it  should  be  at  least  oO  per  cent. 
larger  than  is  given  by  the  rules  mentioned.  That  is,  for 
semidirect  radiators,  multiply  by  1.25,  and  for  indirect 
iiatural-draft  radiators,  multiply  by  1.5. 

Example. — By  Baldwin's  ruK',  a  certain  room  re(juires  75  square 
feet  of  direct  radiation,     {a)  If  the  radiation  is  semidirect,  how  many 
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square  feet  will  be  required?    (d)  If  the  radiation  is  of  the  indirect 
natural-draft  type,  what  should  its  extent  be  ? 

Solution.—     {a)  75  x  1.25  =  93.75  sq.  ft.     Ans. 
(d)  75  X  1.5    =  112.5  sq.  ft.     Ans. 


EXAMPIiES    FOR    PRACTICE 

1.  A  certain  room  requires  a  supply  of  heat  amounting  to 
80,000  British  thermal  units  per  hour.  How  many  square  feet  of 
direct  steam  radiation  will  be  required  to  keep  the  room  at  70**  F.,  the 
heat  transmitted  per  square  foot  of  radiation  per  hour  being  2  British 
thermal  units  per  degree  difference  of  temperature,  and  the  tempera- 
ture of  the  steam  being  220"  F.?  Ans.  267  sq.  ft.,  nearly 

2.  How  many  square  feet  of  direct  radiation  are  required,  by 
the  2-20-200  rule,  to  heat  a  room  15  feet  by  20  feet,  with  a  10-toot 
ceiling  and  two  exposed  sides,  having  three  windows  2^  feet  by  6  feet, 
to  70'  F.  during  zero  weather  ?  Ans.  53  sq.  ft.,  nearly 

3.  If  the  room  in  example  2  was  to  be  heated  by  semidirect 
radiation,  what  amount  of  radiating  surface  would  be  required  ? 

Ans.  66  sq.  ft.,  nearly 

4.  In  a  building  warmed  by  indirect  radiation,  the  heat  loss 
through  windows  and  walls  is  1,000,000  British  thermal  units  per  hour. 
The  temperature  of  the  building  being  70"*  F.,  and  that  of  the  incom- 
ing hot  air  llO''  F.,  what  is  the  total  heat  loss  per  hqur  ? 

Ans.  2,750,000  B.  T.  U. 

5.  A  room  of  ordinarily  good  construction  in  a  frame  building 
has  40  square  feet  of  glass  surface  and  340  square  feet  of  exposed  wall 
surface.  The  temperature  of  the  steam  is  220**  F*.,  of  the  outside 
air,  0"  F.  and  the  room  is  to  be  kept  at  70'  F.  Making  an  allowance 
of  20  per  cent,  for  construction,  20  per  cent,  for  exposure,  and  using 
Baldwin's  rule,  how  much  direct  radiation  is  needed  ? 

Ans.  50  sq.  ft.,  nearly 
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INTRODUCTION 


DEFINITIONS 

■*•       The  process  of  making  steam  consists  in  transforming 

^ter   from  the  liquid  to  the  gaseous  condition.    This  can  be 

^^'^plished  only  by  the  application  of  heat.     In  practice, 

.   ^  ^team  is  made  within  a  closed  vessel  whose  outer  surface 

•-^^ought  in  contact  with  direct  rays  of  heat  and  the  hot 

^^^s  from  some  burning  fuel,  the  vessel  being  known  as  a 

P  ^^*^^>i  generator,  or  more  commonly  as  a  steam  boiler. 

^^    the  sake  of  brevity  the  qualifying  word  steam  is  often 

*^^Ped,   and   the  vessel   is  then  called   simply  a   bollcM*^ 

^   surfaces  of  the  boiler  with  which  the  water  is  in  contact 

^^e  side  and  the  fire  or  hot  gases  of  combustion  on  the 

^^  side,  are  called  the  heating  surfaces;   such  surfaces 

^^^  in  contact  with  steam  on  one  side  and  fire  or  the  hot 

^^  of  combustion  on  the  other  side  are  known  as  siiper- 

,   '^'^l.ng:  surfaces.     The  fuel,  which   generally  is  coal,  is 

^^d  in  a  suitably  enclosed  space  known  as  the  fire-pot, 

^l^ox,  or  furnace,  and  rests  on  iron  bars  forming  the 

^/^^'^«.     A  draft  by  which  air  is  supplied   to  the  burning 

*     is  created  by  the  chimney  or  smokestack,  which  also 

^^^^ies  off  the  waste  gases  of  combustion. 

^'^  order  to  generate  steam  rapidly  and  efficiently,  it  is 
^^^ssary  that  the  heating  surfaces  of  boilers  be  arranged 

/%r  moiiu  of  copyright,  see  page  immediately  following  the  title  Page 
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to  give  a  good  circulation  of  the  contained  water.  By  cir- 
culation is  meant  the  setting  up  of  a  current  in  the  water 
that  will  pass  over  the  heating  surfaces  in  a  strong  uninter- 
rupted flow  as  long  as  heat  is  applied. 


CLASSIFICATION 

2.  Boilers  may  be  classified  broadly  as  heating  boilers 
and  power  boilers.  Heating  boilers,  as  a  general  rule,  are 
designed  simply  for  low-pressure  heating  and  carry  a  steam 
pressure  of  not  over  10  pounds  per  square  inch.  Power 
boilers,  as  implied  by  the  name,  are  chiefly  used  to  furnish 
steam  for  power  purposes,  and  are  divided  by  some  into 
medium-pressure  boilers^  which  carry  pressures  not  above 
100  pounds  per  square  inch,  and  high-pressure  boilers,  which 
carry  pressures  in  excess  of  100  pounds  per  square  inch. 

3.  Low-pressure  heating  boilers  are  commonly  made  of 
cast  iron.  In  the  construction  of  fire-tube  and  drop  water- 
tube  types  of  heating  boilers,  however,  wrought  iron  and 
steel  are  also  used. 

Medium -pressure  power  boilers  are  chiefly  made  of 
wroiight-iron  or  steel  plates  with  wrought-iron  or  steel 
tubes,  and  in  some  forms  of  tubes  with  cast  or  forged 
fittings.  High-pressure  stationary  boilers  are  generally  com- 
posed of  steel  tubes  fitted  into  wrought-steel  connections 
and  have  steam  drums  of  steel  plates. 


skctionaij  heating  boilers 


«ENERAI.    DESIGN 

4.  Low-pressure  steam-heating  boilers  must  be  made  of 
a  material  that  will  transmit  heat  readily,  and  the  parts  must 
be  so  arranj^^ed  as  to  absorb  the  greatest  possible  amount  of 
heat  from  the  hot  gases  passing  over  them.  It  is  also 
important  that  the  parts  be  so  arranged  that  they  can  easily 
be  kept  clean  and  in  good  condition  for  the  transmission  of 
heat.     Such  boilers  must  be  so  designed  as  to  insure  safety, 
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not  only  under  the  stresses  incidental  to  ordinary  work,  but 
also  when  neglected  and  partly  worn  out  by  long  service. 

Partly  for  manufacturing  reasons,  and  partly  because 
facility  in  handling  and  shipping,  as  well  as  ease  of  repair- 
ing, are  thereby  secured,  cast-iron  boilers  are  built  up  of 
sections  placed  either  vertically  or  horizontally.  The  sec- 
tions are  united  in  different  ways:  some  manufacturers  use 
threaded  nipples  screwed  into  the  sections  and  drums  or 
manifolds;  others  use  tapered  nipples  and  through  bolts. 
A  through  bolt  is  a  long  bolt  passing  clear  through  the  pieces 
to  be  held  together,  and  is  supplied  with  a  nut  and  generally 
with  a  washer  at  its  threaded  end,  a  washer  being  often  used 
under  the  bolt  head. 

5.  The  term  sectional  boilers  is  applied  principally  to 
a  class  of  low-pressure  cast-iron  heating  boilers  composed 
of  a  number  of  independent  sections  connected  in  such  a 
manner  that  the  group  will  operate  as  one  structure.  There 
are,  however,  a  few  forms  of  water-tube  power  boilers  to 
which  the  term  sectional  boilers  may  be  correctly  applied. 
The  sectional  construction  permits  a  boiler  to  be  made  large 
or  small  in  capacity  by  varying  the  number  of  sections. 

6.  The  common  types  of  sectional  cast-iron  boilers  differ 
very  little  from  one  another  in  general  outline,  the  principal 
difference  in  construction  being  found  in  the  form  of  the  sec- 
tions and  methods  of  connecting  them,  the  disposition  of  the 
heating  surfaces,  and  the  arrangement  of  the  flues  through 
which  the  gases  of  combustion  pass  to  the  chimney. 

The  majority  of  the  boilers  specially  designed  for  low- 
pressure  steam. heating  are  built  up  of  vertical  and  hori- 
zontal cast-iron  sections  in  the  form  of  hollow  slabs,  which 
rest  on  a  cast-iron  base  containing  the  grate  bars,  the  sec- 
tions being  bound  together  by  connections  with  the  steam 
and  water  headers  at  the  top  and  sides  of  the  vertical  types 
of  sectional  boiler,  or  by  means  of  bolts  passing  through  lugs 
cast  on  the  section  or  through  the  openings  of  slip  nipples  in 
the  water  leg  and  steam  space  of  the  sections. 
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JOINTS 

7.  Because  of  their  general  similarity  in  form  and  con- 
structive details,  sectional  heating  boilers  may  be  grouped  or 
classified  according  to  the  character  of  the  connections  or 
joints  between  the  sections.  These  joints  may  be  classified 
under  four  heads:  (\)  packed  joints,  in  which  a  gasket  or  some 
form  of  packing  is  used,  the  packing  adjusting  itself  to 
inequalities  in  the  metal  surfaces;  (2)  screw  joints,  where  a 
thread  is  cut  in  opposite  sections,  which  are  then  joined  by 
means  of  screw  nipples;  (3)  slip-nipple  joints,  where  the  join- 
ing surfaces  are  machined  to  certain  forms  and  connections 
made  by  bushings  known  as  push  or  slip  nipples;  (4)  rust 
joints^  where  the  joining  surfaces  are  rusted  together. 

8.  A  graskot  Joint  is  shown  in  Fig.  1.  Intermediate,  or 
inner  sections,  as  a,  and  an  end  section  b  are  held  tightly 
together  by  bolts  c,c  passing  through  flanges  or  lugs. 
Gaskets  d,  d  of  asbestos  or  other  suitable  material  are  placed 

_         _^  between  the  faced 

T^n  '^       ^^  [      ^^      surfaces  of  the  sec- 

tions, making  a 
water-tight  joint 
when  the  joints  are 
drawn  up  tight.  The 
recess  formed  at  e 
serves  to  hold  the 
gaskets  in  place 
while  the  sections  are 
being  put  together. 

In  some  boilers 
the  gasket  joints,  are 
made  in  a  corrugated  form.  The  faces  of  the  sections  against 
which  the  gasket  is  pressed  are  corrugated,  so  that  the  raised 
parts  of  one  face  press  the  gasket  into  the  recessed  parts  of 
the  opposite  face.     This  makes  a  good  joint. 

9.  A  scTew  Joint  between  two  sections  is  shown  in 
Fig.   2.      An    intermediate   section  a   is   joined  to  an  end 
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section  b  by  means  of  a  right-and-left  malleable-iron  nipple 
with  a  hexagon  center  to  which  the  wrench  is  applied  in 
screwing  up  the  nipple.  This  makes  a  Very  secure  job,  pro- 
vided that  both  threaded  parts  are  screwed  in  tight. 


Pio.2 


10.  A  push-nipple  Joint,  also  called  a  sllp-nlpple 
Joint,  between  two  boiler  sections  is  shown  in  Fig.  3.  The 
inner  surfaces  of  the  cast-iron  collars  a,  a  around  the  holes 
are  reamed  out  to  a 
smooth  finish  and 
tapered.  The  push 
nipple  b  is  finished 
smooth  outside  and 
tapered  to  fit  the  ta- 
per of  the  holes.  The 
nipples  are  simply 
pushed  into  their  re- 
spective openings 
and  the  sections  are 
drawn  together  with 
a  long  bolt  c  passing  through  the  inside  of  the  heater,  or 
are  secured  with  bolts  and  lugs,  as  shown  in  Fig.  1.  The 
bolt  c  where  it  passes  through  the  end  sections  is  made  water- 

tight  by  asbestos 
or  other  packing 
wrapped  around  at  d 
and  squeezed  tight  by 
the  nut  e  when  it  is 
screwed  up.  In  ma- 
king up  push -nipple 
joints,  great  care 
must  be  taken  to  wipe 
the  tapered  surfaces 
perfectly  clean  and 
to  paint  them  with 
graphite  before  putting  the  parts  together;  otherwise,  sand 
or  grit  may  lodge  between  the  surfaces  and  keep  them  far 
enough  apart  to  cause  a  leak.     The  graphite  prevents  the 
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nipples  rusting  fast  to  their  seats.  Lug^s  /,  /  are  cast  inside 
the  nipples  to  hold  them  while  being:  turned  outside,  and 
also  to  aid  in  placing  or  moving  them. 

11.  lion^-serevr  nipple  connectioiis  are  made 
between  the  cast-iron  boiler  sections  and  outside  headers 
for  steam  and  water.  Some  manufacturers  use  special 
forms  of  long-screw  connections,  such,  for  example,  as  that 
shown  in  Fig.  4.  A  recess,  or  socket,  a  is  formed  in  the 
steam  drum  or  header  to  receive  the  packing  b.  The  coup- 
ling c  acts  as  a  gland  to  compress  the  packing  into  the 
socket.  In  making  up  these  joints,  the  couplings  are 
screwed  over  the  long  screws  until  they  reach  the  end  of  the 
thread  at  d.     The  end  e  of  each  long  screw  is  next  screwed 

into  the  steam  dFum 
until  e  projects  as 
many  threads  inside 
the  drum  as  the  other 
end  will  screw  into 
the  section  /.  Then 
all  the  nipples  are 
screwed  up  tightly 
into  the  sections  /, 
when  e  will  be  run 
back  about  flush  with 
the  inside  of  the  drum 
or  header,  as  shown.  Asbestos  wick  or  other  suitable  pack- 
ing? is  wound  around  the  long  screw  and  pushed  into  the 
socket  a\  the  couplinj^:  is  now  screwed  tightljr  down  on  the 
packinjir  b.  The  part  of  the  nipple  on  which  the  lock-nut 
is  placed  has  a  thread  of  uniform  diameter;  the  thread  of 
the  part  screwed  into  /  is  tapering  and  thus  makes  a  water- 
tight joint  when  screvN'cd  home. 

1 2,  Repairinji^  nipple  connections  between  boiler  sections 
and  headers  is  a  matter  that  frequently  taxes  the  ingenuity. 
Neither  the  sections  nor  the  header  can  be  conveniently 
moved  to  allow  the  insertion  of  a  new  nipple,  and  it  is 
therefore  customary  to  make  the  new  connection  with  one 
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shoulder  .nipple  and  one  long-screw  nipple,  as  shown  in 
Fig.  5.  The  long-screw  nipple  a  may  be  run  either  into  the 
header  b  or  into  the  section  r,  depending  on  which  has  the 
better  face  for  the  gasket  joint.  The  illustration  shows  the 
gasket  joint  made  against  the  section.  After  the  old  nipple 
has  been  cut  out  and  the  parts  removed,  the  long-screw 
nipple  a  is  screwed  in  as  far  as  it  will  go.  The  shoulder 
nipple  d  and  coupling  e  are  then  screwed  in  place,  and  a  is 
backed  out  and  screwed  tightly  into  e.  The  packing  /  is  next 
wrapped  around  the  long-screw  nipple  and  the  locknut  g  is 
screwed  up  tight. 


Fig.  6 

13.  The  packed  joint  deteriorates  more  or  less  rapidly, 
whether  inside  or  outside  the  boiler,  because  any  irregu- 
larity in  the  adjustment  of  the  parts,  due  to  the  presence  of 
dirt,  the  springing  of  the  castings,  or  carelessness  on  the 
part  of  the  fitter,  may  leave  one  portion  of  the  joint  loose 
while  the  other  is  drawn  up  tightly. 

The  screw  joint  has  the  disadvantage  of  being  difficult 
to  separate  in  case  the  cracking  of  one  of  the  sections 
necessitates  repairs,  the  screw  nipple  becoming  rusted  or 
burned  so  solidly  into  the  sections  that  much  labor  is  neces- 
sary to  get  them  apart;  also,  perfect  sections  are  sometimes 
broken  in  the  separating  process.  The  screw  joint  is  also 
less  desirable  as  a  means  of  connecting  the  sections  because 
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of  the  increased  amount  of  labor  necessary  in  assemblin^^ 
the  sections. 

The  slip  joint,  made  by  using:  push  nipples  that  taper  at 
both  ends  and  are  machined  to  fit  closely  in  correspondingly 
tapered  openings  in  opposite  sections,  has  the  advantage  of 
being  easily  separated  when  repairs  are  necessary.  The 
contact  surfaces  of  the  joint  are  protected  from  rusting  by 
being  coated  with  graphite,  and  when  the  sections  are 
forcibly  drawn  together  by  bolts,  an  absolutely  tight  rustless 
joint  is  secured.  The  graphite  does  not  deteriorate  with  age, 
and  its  protective  lubricating  qualities  cannot  be  destroyed 
by  the  acids  or  alkalies  sometimes  found  in  the  water.  The 
contact  surfaces  naturally  assume  their  relative  positions  as 
the  joint  is  tightened  up;  when  the  sections  are  taken  apart 
for  repairs  or  for  increasing  the  capacity  of  the  boiler  by  the 
addition  of  new  sections,  the  surfaces  of  the  joints  are  left  in 
good  condition  and  the  old  nipples  can  be  replaced. 

14,  A  rust  Joint  is  formed  between  the  sections  of 
heating  boilers  by  placing  a  putty  inducing  a  rusting  of  the 
iron  between  the  surfaces  to  be  joined.  One  kind  of  putty 
is  made  of  iron  filings  and  sal  ammoniac,  with  which  a  small 
amount  of  red  lead  is  sometimes  mixed.  Another  rust-joint 
filling  is  made  by  mixing  10  parts  of  iron  filings  with«3  parts 
of  chloride  of  lime  and  enough  water  to  form  a  paste.  The 
rust-joint  type  of  boiler  has  been  largely  superseded  by  the 
push-nipple  types,  which  can  be  constructed  at  less  cost  and 
in  safer  forms.  

VERTICAL-SECTION    HEATING    BOlIiERS 

15.  Introduction. — The  following  description  of  vari- 
ous types  of  boilers  serves  to  indicate  some  of  the  different 
constructions  at  present  on  the  market,  and  hence  will  be  of 
assistance  in  making  an  intelligent  selection  of  such  a  boiler 
as  will  best  suit  the  requirements  to  be  met,  bearing  in 
mind  that  the  capacity  of  all  types  is  limited  by  the  area  of 
the  grate  and  the  disposition  of  the  heat-absorbing  surfaces 
over  the  fire  and  in  the  flues.  Catalog  ratings  are  not 
always  reliable,  as  the  peculiar  conditions  under  which  every 
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boiler  is  to  be  operated  cannot  be  taken  into  consideration 
by  the  manufacturers,  and  hence  such  allowances  as  may  be 
necessary  to  satisfy  governing  conditions  must  be  made  in 
order  to  meet  all  the  requirements  imposed  by  the  character 
of  the  work  that  the  boiler  is  intended  to  perform. 

The  makes  of  boilers  illustrated  here  have  been  selected 
from  those  in  the  market  as  showing  most  prominently  the 


Fig.  6 


characteristic  features  of  the  diflferent  types;  the  fact  of  their 
being  described  here  does  not  indicate  any  superiority,  nor 
does  the  absence  of  other  makes  of  boilers  indicate  in  any 
way  an  inferiority  to  those  here  given. 

16«  Mercer  Boiler. — A  typical  boiler  with  vertical  slab 
sections  and  screw-nipple  connections,  known  as  the  Mercer 
boiler,  is  shown  in  Fig.  6.  The  vertical  cast-iron  slab 
sections  are  connected  into  horizontal  steam  and  water 
drums  by  screw  nipples  and  long  threads.     The  front  slab  or 

65—14 
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section  a  is  fitted  with  a  fire-door  b  and  flue-cleaning:  door  r, 
provided  with  cast-iron  liningfs  to  prevent  the  hot  g^ases 
from  burning  out  the  doors.  The  intermediate  sections  d^  d 
have  fine  spaces  e  and  e!  through  which  the  gases  pass,  the 
front  sections  being  shaped  to  form  the  firebox.  The  rear  sec- 
tion is  shaped  so  as  to  divert  the  gases  through  the  lower  flues  e 
in  the  intermediate  sections  toward  the  front  section,  where 
they  are  again  diverted  into  the  upper  row  of  flues  e!  and 
return  to  the  rear,  whence  they  pass  to  the  smoke  pipe 
that  leads  them  to  the  chimney.  Clean-out  doors,  which 
also  serve  as  check-draft  doors  or  dampers,  are  arranged 
at  the  rear  of  the  boiler,  at  each  side  of  the  smoke-pipe  collar, 
for  cleaning  the  flues.  Where  the  sections  come  together, 
a  groove  is  provided,  a  body  of  asbestos  and  red  lead  being 
placed  therein  to  make  a  gas-tight  joint.  The  sections  stand 
on  a  cast-iron  base,  which,  like  the  sections,  can  be  extended. 
The  base  is  fitted  with  a  shaking  grate  bar  for  each  of  the 
intermediate  sections.  The  grates  are  operated  by  levers, 
as  g,  the  ashes  being  removed  through  the  ash-pit  door  h  in 
which  a  damper  door,  operated  by  the  regulator  /,  is  pro- 
vided to  admit  the  air  for  combustion.  The  regulator  i  also 
operates  the  rear  clean-out  damper  doors,  not  shown,  open- 
ing them  and  closing  off  the  draft  through  h  when  the  pres- 
sure rises  above  the  point  at  which  the  regulator  is  set.  At 
the  top  and  lower  sides,  the  sections  have  openings,  tapped 
with  right-hand  threads,  into  which  long-screw  nipples  are 
screwed.  These  nipples  connect  the  sections  to  drums  for 
the  steam  and  water,  the  steam  drum  k  being  at  the  top, 
while  the  water  or  return  drums  /,  /  are  at  the  side.  Since 
the  steam  space  in  the  boiler  proper  is  comparatively  small, 
the  steam  drum  acts  as  a  reservoir,  into  which  water  is 
sometimes  carried  with  the  steam;  this  water  is  drained  off 
by  a  drip,  bleeder,  or  circulation  pipe  m  connected  with  the 
steam  and  water  drums,  as  shown  at  the  rear  of  Fig.  6. 
In  the  top  of  the  steam  drum  are  arranged  as  many  outlets 
as  may  be  required  for  connecting  the  pipes  that  supply 
steam  to  the  radiating  surfaces,  similar  outlets  being  pro- 
vided for  connecting  the  return  pipes  from  the  radiators  into 
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the  water  drums.  The  boiler  is  fitted  with  the  usual  trim- 
mings, consisting:  of  the  steam  gauge  «,  water  gauge  o  fitted 
to  the  water  column  p,  to  which  are  also  fitted  the  gauge 
cocks  ^,  ^,  the  water  column  in  turn  being  connected  to  the 
steam  and  water  spaces  of  the  boiler,  as  shown;  the  safety 
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valve  r  is  connected  to  the  steam  drum.  The  draw-oflE  s  and 
feed-connections  /  for  emptying  or  filling  the  boiler  are 
made  to  the  water  drums.  After  the  boiler  is  erected  and 
tested,  it  is  usually  covered  with  some  form  of  asbestos 
covering  to  prevent  loss  of  heat. 

17.  American  Boiler. — The  American  boiler  section, 
shown  in  elevation  in  Fig.  7  {a)  and  in  cross-section  in 
Fig.  7  (*),  has  a  number  of  tubes  a,  along  which  the  gases 
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pass  freely  in  their  transit  to  the  flues.  This  construction 
provides  a  large  amount  of  heating  surface  in  direct  contact 
with  the  hottest  part  of  the  fire,  thereby  increasing  the  effi- 
ciency of  the  boiler.  The  hot  gases  pass  up  between  the 
tubes  a,  thence  to  the  rear-end  section,  and  then  forwards  to 
the  front  through  the  passages  h,  returning  to  the  smoke  flue 
through  the  upper  passages  c.  The  dotted  line  wl  shows 
the  water-line  of  the  boiler.  The  steam  mains  for  warming 
the  building  connect  to  the  steam  drum  d,  and  the  water  of 
condensation  from  the  heating  system  enters  both  of  the 
return  drums,  as  e. 

18.  Royal  Boiler. — The  Royal  boiler  sections,  which 
have  elliptically  shaped  tubular  heating  surfaces,  as  shown 
in  Fig.  8,  are  connected  with  one  another  by  means  of  water 
drums  or  manifolds  at  Jthe  sides  of  the  boiler  and  by  a  steam 
drum  above  the  sections,  the  drums  being  attached  to  the 
sections  by  means  of  long-screw  nipples  and  locknuts.  Each 
section  has  an  independent  free  vertical  circulation,  and 
forms  a  portion  of  the  firebox  and  ash-pit,  which  are  thus 
completely  surrounded  by  water,  the  water  leg  of  each  section 
extending  to  the  floor.  When  the  size  of  the  boiler  is 
increased  by  the  addition  of  sections,  the  capacity  of  the 
boiler  is  increased  by  enlarging  the  grate  area  as  well  as  the 
heating  surface,  each  section  carrying  its  own  interchange- 
able triangular-shaped  rocking  grate  bar.  The  hot  gases 
circulate  around  hollow  cone-shaped  projections  a,  a,  through 
which  the  water  that  rises  from  the  water  leg  of  the  section 
into  the  waterway  b,  b  directly  over  the  fire  passes  into  the 
large  waterway  r,  r,  the  steam  bubbles  being  freed  at  the 
water-line  .  /  B,  The  spaces  d,  d  between  these  projections 
do  not  form  flues,  as  would  seem  to  be  the  case  on  refening 
to  Fig.  H  [b),  but  serve  merely  to  permit  the  heated  gases  to 
circulate  around  the  tubular  projections  a,  a,  the  use  of  which 
tends  to  accelerate  the  circulation  of  the  water,  providing  for 
its  subdivision,  so  to  speak,  into  sections  or  bodies  of  com- 
paratively small  volume,  thus  increasing  the  rapidity  with 
which  the  heat  is  absorbed  by  the  water  in  contact  with  the 
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heating  surface  of  a,  b,  and  c.  When  the  hot  gases  of  com- 
bustioD  reach  the  rear  of  the  boiler  they  pass  upwards 
between  the  rear  sections  at  ^,  *? ,  Fig*  8  {c) ,  thence  forwards 
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through  the  five  central  flues  /,  /  to  the  front  section »  where 
they  are  deflected  into  two  parallel  flues  ^,^  at  either  side  of 

the  boiler,  and  travel  back- 
wards  to  the  rear  section, 
where  they  descend  in  the 
drop  fines  hji^  pass  under 
around  the  division  or 
hafBe-plate  dampers  i,  i 
and  upwards  to  the  smoke 
outlet  /*  Ad  indirect  down 
draft  is  thus  secured  when 
the  baffle-plate  dampers  i*.  i 
are  in  the  position  shown. 
The  direct-draft  damper  k^ 
supported  at  the  top  of  and 
between  the  baffle  plates 
f,  i\  is  shown  in  Its  closed 
position  against  the  rear  section;  that  is,  so  as  to  deflect  the 
gases  of  combustion  through  the  central  flues  to  the  front  of 
the  boiler.     A  weight  /  on  the  end  of  the  damper  lever  m 
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holds  the  damper  k  in  position,  either  open  or  closed.  On 
starting  a  new  fire  the  weighted  lever  at  the  damper  k  may 
be  shifted  so  as  to  throw  the  damper  away  from  the  rear 
section  and  permit  the  gases  of  combustion  to  pass  directly 
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to  the  smoke  outlet  without  circulating  through  the  side  flues. 
A  less  direct  draft  may  be  obtained  by  shifting  the  baffle-plate 
dampers  /,  /  to  their  open  position  and  closing  the  direct- 
draft  damper  k.  As  ordinarily  operated,  the  baffle-plate 
dampers  /,  /  are  kept  closed,  as  shown. 

19.  Ricliinond  Boiler. — The  Richmond  boiler  section, 
as  indicated  by  Figs.  9  and  10,  is  made  in  two  parts,  or 
halves, «,«,  Fig.  10,  connected  by  screw  nipples  to  the  steam 
drum  c  and  to  the  water  drums  b  and  dy  Fig.  9,  at  the  sides  of 
the  boiler.    The  water  circulates  freely  in  each  half  section, 


16  HEATING  AND  POWER  BOILERS  §25 

which  is  practically  a  small  independent  boiler  in  itself, 
passing  up  the  inclined  tubes  k  and  descending  through  the 
channel  in  the  outer  rim  of  the  section.  The  hot  gases 
impinge  on  the  tubes  k,  k.  Fig.  10,  and  pass  between  them  to 
the  rear-end  section.  They  then  pass  forwards  to  the  front 
through  the  passages  /,  /,  returning  through  the  upper  pas- 
sages «, ;/  to  the  smoke  outlet  at  the  rear  of  the  boiler. 

20.  Gem  Boiler. — The  Gem  boiler  section,  as  shown 
in  Fig.  11,  has  very  little  steam  space  and  little  internal  cir- 
culation. From  the  grate  to  the  steam  space  the  sections 
are  within  the  combustion  chamber,  tubular  water-heating 
surface  being  arranged  at  either  side  of  a  central  flue  a, 
which  extends  from  the  front  to  the  rear  of  the  boiler.  The 
tubular  surfaces  are  so  arranged  that  the  gases  are  deflected 
toward  the  front  of  the  boiler,  entering  the  central  flue  a  at 
the  front  section,  and  thence  travel  directly  back  to  the 
chimney.  After  passing  from  the  combustion  chamber  by 
the  gases  are  confined  in  the  flue  a  around  the  steam  portion 
of  the  boiler,  the  smoke  connection  being  made  at  the  bot- 
tom of  this  flue  space. 

21.  Gurney  Brlg^ht  Idea  Boiler, — The  boilers  so  far 
described  are  limited  in  capacity,  the  largest  being  rated  to 
supply  about  8,500  square  feet  of  radiation.  For  larger 
amounts  of  radiating  surface,  two  or  more  boilers  are  fre- 
quently connected  together  in  such  a  manner  that  during 
mild  weather  one  of  the  boilers  can  be  used  to  supply  part 
of  the  radiating  surface.  Special  sectional  heating  boilers 
are  manufactured,  however,  for  capacities  greater  than 
3,500  square  feet  of  radiation;  they  are  similar  in  most 
respects  to  the  small  heating  boilers,  but  have  a  different 
form  of  flue  surface.  An  example  of  a  large  heating  boiler 
is  the  Gurney  Bright  Idea  boiler  shown  in  Fig.  12.  It  is 
made  up  of  cast-iron  sections  having  circulation  tubes 
extended  into  the  combustion  chamber  and  flue  spaces. 
Each  of  the  intermediate  sections  a,  a  is  made  in  the  form 
of  an  inverted  L,  with  four  or  more  rows  of  Bundy  tubes  ^,  b 
extending   horizontally  from    the  vertical    leg.     The    front 
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section  ^  is  a  hollow  casting  carrying  the  flue  doors,  fire- 
doors,  and  ash-pit  doors.  The  upper  rows  of  tubes  have  the 
form  of  a  loop;  the  lower  tubes  are  round,  but  have  a  dia- 
phragm inside  to  insure  a  positive  circulation  of  the  water. 
The  gases  circulate  and  pass  to  the  chimney  in  the  direction 
shown  by  the  arrows.  To  divide  the  flue  space  at  the  rear 
of  the  boiler  from  the  firebox,  a  metallic  sheet  is  sometimes 
placed  in  such  a  position  that  the  course  of  the  gases  will  be  ' 
toward  the  front  of  the  boiler,  and  thence  through  the  upper 
rows  of  circulating  tubes  to  the  chimney.  A  bridge- wall 
section  d  is  inserted  at  the  back  of  the  grates,  dividing  the 
firebox  from  the  rear  sections.  This  bridge  wall  extends  to 
the  top  of  the  two  lower  tiers  of  the  intermediate  sections 
that  form  the  firebox.  Behind  the  bridge  wall  are  placed 
additional  sections,  as  ^,  having  the  same  general  construc- 
tion as  the  other  intermediate  sections,  but  fitted  with  a 
larger  number  of  tubes.  The  rear  section  /  contains  the 
smoke  chamber,  which  has  the  form  of  a  drop  flue,  to  which 
the  smoke-pipe  connection  is  made.  Cleaning  doors  are 
provided  in  this  section,  and  a  check-draft  dam];>er  is 
arranged  in  the  extension  g.  The  front  and  rear  sections 
are  each  cast  in  one  piece,  and  are  connected  to  the  steam 
drum  at  the  center  of  the  top.  Each  of  the  intermediate 
sections  is  independently  connected  into  the  steam  drum  by 
screw  nipples  //.  The  water  drums,  as  /,  at  each  side  of  the 
boiler  are  connected  to  the  sections  in  a  similar  manner. 
All  sections  are  supported  on  a  cast-iron  base  y,  which  is 
fitted  with  shakin<j  grates  /',  operated  by  a  lever  /  at  each 
side.  The  front  of  the  base  is  fitted  with  ash-pit  doors,  and 
additional  draft  doors,  as  m.  The  space  at  the  rear  of  the 
bridge  wall  and  beneath  the  sections  forms  a  soot-collecting 
chamber,  access  to  which  is  had  by  clean-out  doors,  as  n. 
The  steam  connections  can  be  made  at  one  or  more  points 
of  the  steam  drum,  suitable  flanjjes,  as  o,  o,  being  provided 
for  the  purpose.  Drain  pipes  connect  the  tappings  of  the 
pocket  p  in  the  steam  drum  with  the  two  water  drums,  and 
permit  any  water  carried  by  the  steam  into  the  drum  to 
drain  back. 
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22.  Capltol-Maseot  Boiler, — The  form  of  section  used 
in  the  Capitol-Mascot  boiler,  shown  in  Fig,  13,  differs  con- 
siderably from  the  sections  previously  described.  Instead 
of  being  flat,  each  section  a  forms  a  segment  of  a  circle. 


There  are  three  sections,  which  rest  on  a  water  ring  b^  to 
which  they  are  connected  by  slip  nipples,  as  €\  the  sections 
and  the  water  ring  are  held  together  by  bolts  passing; 
through  suitable  flanges,  as  shown  at  d.  The  top  of  each 
section   is   connected   to    the   steam    dome   by    long-screw 
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nipples  e,e  and  locknuts.  The  water  ring  b  rests  on  the 
ash-pit  base  /,  slightly  above  the  level  of  the  grate,  which  is 
of  the  shaking  type.  A  projection  or  lobe  extends  from  the 
inner  side  of  each  section  directly  over  the  fire  and  provides 
a  large  amount  of  direct  heating  surface. 

The  sections  are  interchangeable,  and  there  is  ample  play 
between  them  to  provide  for  expansion  and  ease  of  erection. 
The  gases  pass  upwards  between  the  lobes  to  the  center, 
where  they  strike  the  under  side  of  the  steam  dome  g  and 
are  deflected  by  baffle  plates  //  toward  the  front  of  the  heater 
and  then  pass  around  the  sides  and  underneath  the  dome  to 
the  smoke  pipe  in  the  rear.  The  circulation  of  the  water  is 
vertical;  there  are  no  lateral  water-courses  such  as  are  com- 
mon with  horizontal  sections.  A  circulating  pipe  /  connects 
the  water  ring  b  with  the  base  of  the  steam  dome  ^.  Since 
this  is  filled  with  water  to  the  level  indicated,  the  circulation 
pipe  is  always  filled  with  water,  and  being  located  in  a  rela- 
tively cold  place  outside  of  the  boiler  has  a  downward  circu- 
lation within  itself.  It  will  be  noticed  that  there  is  a 
decided  difference  between  this  circulation  pipe  /  and  the 
pipe  ;;/  shown  in  Fig.  6,  which  is  frequently  referred  to  as  a 
circulating  pipe.  The  latter,  however,  being  connected  to 
the  steam  drum  above  the  water-line,  is  not  filled  with 
water  and  does  not  in  any  way  aid  the  circulation,  but 
merely  serves  as  a  drain  pipe.  A  water  gauge  /  indicates 
the  height  of  the  water  in  the  boiler. 

23.  Idoal  IJoilor. — The  same  general  design  and  con- 
structive arrangement  is  found  in  boilers  with  slip-nipple 
connections  that  obtains  in  boilers  with  screw-nipple  connec- 
tions. The  Ideal  boiler,  illustrated  in  Fig.  14,  is  an  example 
of  a  slip-nii)ple  construction.  The  illustration  shows  how 
the  slip-nipple  joint  is  made  by  placing  the  tapered  ends  of 
nipples  a  into  correspondingly  tapered  circular  openings  in 
the  boiler  sections,  which  are  then  drawn  together  and  held 
tightly  by  through  bolts  b,  b  passing  through  the  sections. 
Some  of  the  nipples  used  in  such  boilers  are  made  of  steel, 
pressed  to  the  proper  form,  while  others  are  made  of  cast 
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iron,  malleable  iroo,  or  brass  and  finished  by  a  machine  to 
the  proper  taper.  The  boiler  has  a  double  row  of  flues  c 
and  d  above  the  firebox.  The  ^ases  pass  from  the  fire  to 
the  rear  sections  through  openings,  as  t^  thence  forwards  to 
the  front  through  r^  c\  and  return  to  the  smoke  chamber  at  the 
rear  through  the  upper  flues  d^  d.     When  the  boiler  is  gtted 
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up  complete^  the  sections  are  connected  together  at  the  top 
and  bottom  by  slip  nipples.  The  front  section  is  a  cast-iron 
hollow  slab  having  openings  /^  /  that  allow  the  return  of  the 
hot  irises  through  the  flues  d,d,  whence  they  pass  to  the 
smoke  pipe.  The  sections  rest  on  a  separate  cast-iron  base 
fitted  with  easily  removable  shaking  grates, 

24,  Capitol  Boiler, — In  the  Capitol  boiler,  shown  in 
Fi^.  15,  the  sections  are  connected  to  the  steam  drum  and 
water  drums  by  slip  nipples.  Flues  a,  a  are  formed  above 
the  tubes  b^  b\  a  central  return  flue  c  Is  located  below  the 
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Steam  drum  d.  Tbe  rear  section  has  recesses,  as  i,  one  at 
each  side,  that  allow  the  heated  gases  to  flow  into  the 
flues  a,  a.  The  sections  are  connected  at  the  top  to  thej 
horizontal  steam  drum  by  slip  nipples*  as  /,  on  each  side  o! 
the  drum,  and  are  drawn  together  by  bolts  g  that  pass 
through  lu£s  cast  on  the  top  of  each  section  and  on  the  steam 
drum,  as  shown.  The  water  or  return  drums,  as  h,  one  on  , 
each  side  of  the  heater,  are  secured  to  the  base  on  which  the : 
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boiler  rests.  The  water  leg  of  each  section  is  connected  to 
the  drum  by  a  slip  nipple  /  secured  by  means  of  bolts,  as  /, 
screwed  into  tapped  suckets  inside  of  A*  The  water  legs  are 
drawn  up  tight  on  the  slip  Dipples  by  the  nuts  k,  with  some 
form  of  packing  to  make  a  tight  joint  between  the  nut  and 
the  casting.  The  base  is  fitted  with  shaking  grateSi  %vith  the 
necessary  attachments,  clean-out  doors,  and  check-draft.  The 
steam  main  for  the  radiators  is  connected  to  the  steam  drum 
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at  the  top,  the  return  connections  from  the  radiators  being 
made  into  the  rear  end  of  each  return  header* 

25.     Bundy  Boiler, — The  Bundy  boiler  shown  in  Fig.  16 

has  the  firebox  inside  of  the  sections.  The  intermediate 
sections  forming  the  combustion  chamber  are  fitted  with 
shaking  grates.     Behind  these  sections  is  jjlaced  a  hollow 
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bridge- wall  section  a,  back  of  which  the  rear  combustion 
chamber  is  formed  by  a  recess  d  in  the  rear  section^  or,  in 
the  larger  boilers,  by  the  addition  of  an  intermediate  section 
somewhat   like  the  ones  over  the  grate.    The  recess  ^  is 
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continued  up  high  enough  to  enable  the  gases  to  enter  the 
flues  Cy  Cy  through  which  they  pass  to  the  front,  into  a  smoke 
chamber  d  bolted  to  the  front  section,  and  fitted  with  a 
damper  e  and  a  collar  /  for  a  smoke-pipe  connection.  A 
large  flue  door  is  fitted  to  this  chamber  for  cleaning  the  flues. 
The  sections  are  held  together  by  long  bolts  passing  through 
the  center  of  the  section  at  the  top  and  also  at  the  center  of 
the  water  leg,  which  forms  the  bottom  of  the  ash-pit,  slip 
nipples  being  used  between  the  sections.  Openings  for  the 
steam-supply  connection  for  the  radiators  are  provided  at  the 
top  of  one  or  more  sections,  which  are  then  yoked  together 
by  a  wrought-iron  pipe  g  serving  as  a  steam  drum.  A  circu- 
lating pipe  h,  which  is  really  a  drain  pipe,  is  carried  from  the 
steam  drum  to  the  return  outlet  at  the  bottom  of  one  of  the 
rear  sections.  Return  outlets,  as  /,  are  provided  at  each 
side  of  the  boiler  in  one  or  more  sections.  The  boiler  is 
supported  in  a  cast-iron  cradle  /.  The  large  combustion 
chamber  at  the  rear  and  the  accessibility  of  the  flues  for 
cleaning  adapt  this  boiler  to  burning  bituminous  coal. 

26.  Model  Boiler. — In  the  type  of  boiler  illustrated  in 
Fig.  17  the  sections  are  placed  at  right  angles  to  the  furnace 
front,  instead  of  parallel  to  it,  as  in  most  other  designs. 
The  sections  have  the  general  form  of  an  inverted  L,  the 
water  leg  being  placed  to  the  rear.  The  legs  are  connected 
together  by  push  nipples,  and  have  a  cylindrical  enlargement 
at  the  bottom  to  form  the  return  header  or  water  drum  a. 
The  sections  have  a  deep  V-shaped  projection  b  extending 
from  the  water  leg  to  the  front  of  the  boiler.  These  projec- 
tions form  the  direct  heating  surface,  and  have  corrugations, 
as  b\  that  form  flues  c,c  in  which  the  gases  pass  forwards 
from  the  combustion  chamber  through  the  lower  set  of  flues, 
and  then  backwards  to  the  smoke  chamber  at  the  rear 
through  the  upper  flues.  The  steam  space  is  above  the 
water-line  w  I.  The  sections  are  connected  together  at  the 
top  by  slip  nipples  placed  near  the  center  of  the  top,  as  at  d^ 
and  are  held  together  by  long  through  bolts.  The  boiler 
front  c  is  hollow,  filled  with   water,  and  connected  to  the 
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steam  space  and  water  space  of  the  boiler  by  pipes  to  insure 
a  circulation  of  the  water.  A  cast-iron  smokebox  /  at  the 
rear  I  fitted  with  a  smoke-pipe  collar*  connects  all  the  return 
flues  (the  tipper  flues  r)  to  the  chimney.  A  check -clamper  is 
placed  at  g^  and  a  clean-out  door  k  ^ives  access  to  the  flues. 


Fig.  Vt 

27.  Brick-Set  Sectloiml  Boilers,  —  Boilers  havingf 
their  sections  enclosed  in  a  brickwork  setting  are  similar  in 
general  conj^truction  to  the  self-contained*  also  called  port- 
abl e ,  type s ^  pre vi  o u  si  y  d e scribed ,  Th ey  are  ii  su all y  pro vi de d 
with  an  ornamental  cast-iron  front  fitted  with  fire,  flue»  and 
ash-pit  doors,  and  frequently  have  a  deflection  plate  above 
the  fire-door  to  compel  the  heated  ^ases  to  pass;  over  the 
bridge  wall  to  the  rear  of  the  boiler,  and  thence  through  the 
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lower  flues  to  the  front,  returning  to  the  smoke  pipe  at 
the  rear  of  the  boiler  through  the  upper  flues.  The  rear 
deflecting  arch  is  commonly  fitted  with  a  direct-draft  damper, 
so  that  the  heated  gases,  in  order  to  quicken  the  fire,  may  be 
allowed  to  pass  directly  to  the  chimney  without  passing 
through  the  flues.  The  setting  is  usually  of  a  double  row  of 
brick,  but  may  be  thicker,  as  required.  Cast-iron  binding  bars 
and  tie-rods  are  provided  to  bind  the  brickwork,  and  clean- 
out  doors  are  usually  placed  in  the  side  wall  of  the  rear 
smoke  chamber.  The  side  walls  are  built  up  above  the  top 
of  the  sections  and  roofed  over  with  brickwork,  or  iron  plates, 
or,  the  irregularities  of  the  castings  of  the  upper  part  of  the 
sections  are  made  tight  by  the  usual  method  of  puttying  the 
joints.  In  erecting  the  brick-set  type  of  boiler,  the  sides  of 
the  firebox  and  the  top  of  the  bridge  wall  should  be  lined 
with  a  good  quality  of  firebrick.  Circulating  pipes  similar 
to  those  described  in  connection  with  portable  forms,  should 
be  fitted  between  the  steam  and  water  drums.  The  small 
sizes  of  heating  boilers  are  seldom  set  in  brick;  they  are 
usually  of  the  portable  type.  Large  sizes,  however,  are 
frequently  set  in  brickwork,  principally  for  the  purpose  of 
preventing  excessive  loss  of  heat  from  them. 

28.  In  the  Mills  brick-set  cast-iron  sectional  boiler, 
shown  in  Fig.  18,  the  sections  are  tube-shaped,  being  some- 
what similar  to  manifold  coils;  the  steam  space  a  in  the  upper 
part  of  the  sections  is  quite  large  in  proportion  to  the  water 
space.  The  tubes  by  b  directly  over  the  fire  are  bent  or  turned 
in  such  a  manner  as  to  allow  the  upward  currents  of  the 
steam  and  water  to  circulate  freely,  the  steam  separating  from 
the  water  in  the  large  tubes  r,  c  and  thence  passing  through  a 
to  the  steam  header  d,  the  water  passing  down  the  outside 
tubes  e,e\  this  insures  a  free  internal  circulation  in  each 
section.  The  sections  are  made  in  two  pieces,  or  halves. 
A  rib  is  cast  on  the  tubes  c,c  just  below  the  water-line  wU 
so  that  the  heated  gases  rise  to  this  point  and  thence  are 
deflected  down  between  the  sections  and  around  the  down- 
ward circulation  tubes  e^  e\  thence  the  gases  drop  into  return 
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Sues  /  formed  in  the  brickwork,  beneath  the  sections.  The 
two  half  sections  are  joined  at  the  tup  to  the  steam  header 
by  screw  nipples  g^.g  at  each  side,  the  return  headers  h,h 
being  connected  to  the  bottom  of  each  half  section  by  screwed 
nipples  /,  /.  The  sections  rest  on  a  cast-iron  plate  /  that  is 
perforated  to  allow  the  gases  to  pass  into  the  brick  flue 
space*     The  shaking  grate  is  placed  in  an  iron  framework 


set  00  k  and  is  operated  by  a  lever*  An  iron  shield  m  is 
placed  over  the  steam  drum,  on  which  the  brick  roofing  of 
the  boiler  may  resti  enclosing  the  boiler  at  the  top,  but 
allowing  facilities  for  making  repairs  to  the  steam  header. 
The  brickwork  n  at  the  sides  is  usually  built  8  inches  thick 
for  small  boilers.  Large  boilers  should  have  12-inch  walls. 
,  The  smoke  flues  /,  /  under  the  boiler  connect  at  the  rear  into 
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a  covered  chamber  having  a  cast-iron  plate  to  which  the 
smoke  connection  is  made. 

Where  the  chimney  draft  is  poor,  it  is  especially  desirable 
to  utilize  the  surface  of  the  outer  tubes  of  the  sections  as 
heating  surface.  This  can  be  done  by  building  the  brick 
walls  so  as  to  provide  a  space  of  4  inches  around  the 
tubes  e,e  up  to  the  water-line  of  the  boiler.  The  smaller 
sizes  of  the  Mills  boiler  have  one-piece,  full-width  sections, 
with  a  single  connection  to  the  steam  drum  for  each  section, 
the  boiler  being  covered  in  with  roofing  bars  and  plates,  or 
with  brickwork.  The  very  large  types  of  this  boiler  have  two 
separate  fireboxes.  

HORIZONTAL-SECTION    UEATING    BOILERS 

29.  Premier  Holler. — Although  the  majority  of  heating 
boilers  are  composed  of  vertical  sections,  there  are  a  number 
of  designs  of  small  heating  boilers  in  the  market  having  their 
sections  placed  horizontally. 

The  Premier  boiler,  shown  in  Fig.  19,  is  an  example  of  the 
horizontal-section  circular  type.  It  has  a  fire-pot  section  a 
with  corrugations  around  the  inside,  the  water  being  made 
to  circulate  through  passages  b  that  extend  to  a  central 
chamber,  and  thence  through  a  screw  nipple  ^  to  a  slab-like 
disk  (/  in  which  there  are  circular  openings  for  the  passage 
of  the  gases.  The  water  then  passes  to  the  next  section 
above,  which  is  secured  by  a  screw  nipple  to  the  lower  section, 
thence  passing  to  the  dome  e  in  which  there  are  flues  /that 
permit  the  gases  to  pass  into  the  smoke  chamber  ^  above, 
which  is  fitted  with  a  check-damper  and  smoke-pipe  collar 
and  tlaniper.  In  order  that  the  gases  may  impinge  on  all  the 
sections,  the  tlue  openings  therein  are  staggered,  as  sho\Mi. 
The  line  spaces  around  the  sections  are  closed  by  cast-iron 
bands  h,  which  are  bolted  in  position,  the  joints  being  made 
tight  with  furnace  putty.  Boilers  of  this  type  are  useful  only 
for  small  jobs:  they  cannot  be  forced  beyond  their  rated 
capacity,  owin;;  to  poor  internal  circulation. 

30.  All  Hlffht,  Volunteer,  niul  Jewel  Boilers. — The 

All  Right  and  Volunteer  heating  boilers  belong  to  the  same 
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general  class  as  the  Premier  boiler,  shown  in  Fig.  19.  The 
All  Right  boiler  is  set  in  brick;  the  Volunteer  boiler  is  self- 
contained,  or  of  the  portable  form,  as  it  is  usually  expressed. 
The  sections  greatly  resemble  a  cart  wheel,  the  tubes  and 
waterways  being  analo- 
gous to  the  spokes  and 
rim  of  a  wheel.  The 
portable  boiler  has  an 
iron  jacket  that  encloses 
the  flue  space  around 
the  sections;  this  jacket 
is  lined  with  asbestos. 
The  brick -sei  form  al- 
lows tlie  gases  to  pass 
around  the  water  leg, 
thereby  increasing  the 
area  of  the  surface  in 
contact  with  the  heated 
gases* 

Horizontal -slab  sec- 
tional boilers  with  slip- 
nipple  connections  are 
made  similar  to  those 
having  screw-nipple 
connections*  An  exam- 
ple of  a  horizontal-slab 
slip-nipple-connection 
sectional  boiler  is  the 
Bundy  Jewel  bo  iter  p 
which  has  an  extension  ^^^'*  ^* 

at  the  back  to  form  the  flues  of  the  smoke  chamber.  This 
extension  has  a  waterway  into  which  a  short  slip  nipple  is 
placed  by  means  of  which  the  sections  are  connected  together. 


.frfttff  ft  ftftf  ft  a  Iff 't^iti^w^.   , 


31.  Florhla  Holler. — The  Florida  boiler,  shown  in 
Fig.  20,  is  a  boiler  with  a  magazine  feed  and  having  cast-iron 
sections  shaped  as  shown  in  Fig".  21.  The  sections  have 
packed  joints  between  them.     The   water  passes  from  one 
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section  to  another  through  the  openings  a,  Fig.  21.  The 
several  sections  are  bound  together  by  bolts,  which  pass  up 
through  these  openings,  and  the  joints  are  made  water-  and 
steam-tight  by  means  of  asbestos  gaskets  or  other  suitable 
packing.  The  inner  edge  of  each  ring  is  corrugated,  as 
shown  at  *,  Figs.  20  and  21,  so  as  to  secure  a  large  amount 
of  heating  surface.  The  water  level  is  maintained  about  at 
the  line  w  /.  The  top  section  c.  Fig.  20,  serves  as  a  steam 
drum.  The  hot  gases  pass  upwards  between  the  inner  faces 
of  the  sections  and  the  magazine  d.  Fig.  20,  and  descend 
through  the  passages  e,  Figs.  20  and  21.  They  then  pass 
upwards  again  between  the  outer  faces  of  the  sections  and 
the  jacket  /,  Fig.  20. 

The  Florida  boiler  can  be  obtained  without  a  magazine 
feed,  and  in  this  pattern  greatly  resembles  the  one  shown, 
except  that  the  corrugations  b.  Fig.  20,  of  the  sections  extend 
farther  inwards  and  thus  give  more  direct  heating  surface 
over  the  fire.  

TUBUIiAR  HEATING  BOILERS 


DROP-TUBE    BOILERS 

32.  Construction  of  Drop  Tubes. — Boilers  in  \/hich 
the  largest  part  of  the  heating  surface  is  given  by  tubes,  are 
known  as  tabular  boilers.  Such  boilers  are  divided  into 
two  general  classes:  Those  that  have  the  hot  gases  passing 
through  the  tubes  are  called  fire-tube  boilers,  while  those 
that  have  water  on  the  inside  of  the  tubes  and  hot  gases  on 
the  outside  are  called  water-tube  boilers. 

33,  A  certain  form  of  fire-tube  steam  boiler  has  a  num- 
ber of  wrought-iron  or  cast-iron  tubes  projecting  downwards 
from  a  hollow  casting  at  the  top  into  the  firebox  directly 
over  the  fire,  the  tubes  thus  being  exposed  to  the  radiant 
heat  of  the  fire  and  surrounded  by  the  hot  gases  of  com- 
bustion. Boilers  thus  constructed  form  a  class  known  as 
drop-tube  boilers.  In  order  to  secure  unimpeded  circula- 
tion in  these  depending  pipes,  they  may  be  fitted  with  inner 
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circulatingt  tubes,  as  shown  by  Fig,  22,  Steam  is  rapidly  gen- 
erated on  the  inner  surface  of  the  tube  ^^,  and  the  mingled 
steam  and  water  flow  swiftly  upwards.  A  return  current  of 
water  flows  downwards  through  the  tube  B*  The  inner  tube 
merely  serves  as  a  partition  between  ,the  ascending  and 
descending  currents,  and  prevents  them  from  interfenng, 
If  it  were  absent,  the  steam  would  tie  liable  to  form  large 
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bubbles,  which  would  completely  fill  the  bore  of  the  drop 
tube,  and  these  would  lift  the  water  out  of  the  tube  in  esca- 
ping. The  water  would  then  surge  back  into  the  hot  tube  and 
be  again  expelled  by  another  rush  of  steam.  The  production 
of  steam  would  thus  be  very  spasmodic,  and  tlie  tubes  would 
soon  be  destroyed;  besides*  annoying  hammering  and  snap- 
ping noises  would  occur* 
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Cast-iron  drop  tubes,  such  as  shown  in  Fig:.  ^>  are  used 
in  some  boilers.  The  threaded  end  a  is  screwed  into  the 
bottom  plate  of  the  top  casting,  which  plate  is  often  called 
the  crown  sheet.  The  tube  is  divided  into  two  channels 
by  a  partition  ^  that  extends  nearly  to  the  bottom.  The 
water  ascends  in  the  channel  at  the  hottest  side  of  the  tube 
and  flows  downwards  in  the  opposite  channel,  Fij^.  23  (a) 
gives  a  cross-section  of  the  tube  on  the  line  xy. 


I'm,  2* 

34.  Furmmi  Droi>-Tube  Boiler. ^ — The  heating  boiler 
illustrated  in  Fi^.  24  has  the  cast-iron  drop  tubes  shown  in 
Fig.  23-  It  consists  of  a  steam  chamber  a  from  which 
depend  the  drop  tubes  t^b^c^  and  d,d.  The  long  tubes  b,b 
are  spaced  close  together  and  enclose  a  circular  fire-space 
and  combustion  chamber.  The  short  tubes  d,  d  are  sepa- 
rated sufficiently  to  allow  the  hot  gases  to  circulate  freely 
among  them.     The  feed  water  is  introduced  into  one  of  the 
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rear  tubes  c  through  the  pipe  r,  and  the  steam  is  taken 
off  by  the  pipes  /» /,  The  pipe  g,  fitted  with  a  cock,  is  the 
blow-off  pipe  through  which  the  boiler  is  emptied* 

35.     Nasoo  Boiler. — The  boiler  shown  in  Fig.  25  is  sub- 
stantially composed  of  a  number  of  vertical  tubes  screwed 


Pia.  S& 

into  a  cast-iron  dome.  The  outer  tubes  s  form  the  fire-pot 
by  passing  down  to  the  cast*iron  base,  where  firebrick,  shaped 
to  fit  between  the  tubes,  is  inserted,  as  at  b.  The  fire-door 
opening  is  in  a  cast-iron  water  box  c  into  which  shorter 
tubes  d  are  screwed,  A  flue  opening  t  is  provided  for  the 
smoke  to  pass  through  the  steam  dome  and  into  the  smoke 
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pipe.  A  deflector  /  causes  the  gases  to  pass  between 
the  tubes  that  are  over  the  fire.  The  drop  tube"^  are 
provided  with  a  diaphragm  inside ^  the  circulation  of  the 
water  being  down  one  side  of  the  diaphragm  and  up  the  other 
side.  The  steam  connection  for  the  radiation  is  made  to  the 
dome  at  the  top^  the  return  pipes  from  the  radiators  being 
connected  to  one  or  more  of  the  outside  drop  tubes,  as  at  g. 


WATEH-TUilE    HEATING     BOIL.ER9 

36,  Bo^-Coil  Bollc^r,— A  heating  boiler  composed  of 
pipes  and  fittin^Si  the  water  being  inside  the  tubes,  is  shown 
in  Fig.  26.  From  its  similarity  to  the  box  coil  used  formerly 
to  a  large  extent  in  steam  heating,  it  is  called  a  box-cotl 
boiler,  and  like  the  box  coil,  has  become  almost  obsolete. 
It  consists  of  two  mud- 
drnms  a,  a  and  water 
drums  b,  b,  to  which  are 
connected  a  series  of 
inclined  zigzag  tubes  d. 
Each  alternative  tube  is 
connected  to  the  drums 
on  the  opposite  side  of 
the  boiler.  The  water 
jBows  upwards  from  the 
tnud-drums  through 
the  inclined  tubes  to 
the  water  drums,  and  de- 
scends through  the  large 
vertical  return  pipes  e,  e^ 
Steam  collects  in  the 
steam  drum  €^  The  furnace  may  be  placed  under  the  boiler, 
or  it  may  be  placed  at  one  end  and  the  gases  be  moved  hori- 
zontally ♦  thus  enabling  the  boiler  to  be  used  in  places  having 
low  ceilings.  The  boiler  is  enclosed  in  plain  rectangular 
hriclc  walls,  and  may  be  set  in  almost  any  position  desired. 
The  arrangement  of  the  heating  surfaces  is  such  that  steam 
is  made  very  rapidly  ► 
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37.  Rutzler  Boiler. — The  Rutzler  sectional  heating 
boiler,  as  shown  in  Fig.  27,  is  a  water-tube  boiler  having  its 
heating  surfaces  composed  chiefly  of  pipes.  It  consists  of  a 
series  of  vertical  and  horizontal  2-inch  pipes  a,  a  united  by 
elbows  and  screwed  into  corrugated  cast-iron  manifolds  b 
and  c.  The  tubes  are  staggered  in  order  to  cause  the  gases 
to  pursue  a  zigzag  path,  which  retards  their  passage  to  the 
chimney  and  at  the  same  time  causes  a  more  intimate  contact 
with  the  tubes;  this  results  in  a  greater  absorption  of  heat 
from  the  gases  than  would  obtain  otherwise.  The  corru- 
gated headers  r,  c  at  the  front  of  the  boiler  are  connected  to 
the  steam  drum  d  by  screw  nipples  having  right-and-left 
threads,  the  bottom  headers  b  being  connected  to  a  mud,  or 
return,  drum  e  with  long-screw  nipples  and  locknuts.  Open- 
ings are  provided  in  these  drums  for  the  steam,  feed,  and 
blow-off  connections.  The  front  headers  rest  in  a  saddle, 
while  the  rear  headers  rest  on  friction  plates  to  allow  for 
expansion.  The  boiler  is  set  in  brickwork,  which  serves  to 
support  the  grates.  The  bridge  wall  /  back  of  the  grate  is 
carried  up  to  the  tubes.  A  fire-deflecting  plate  g  is  placed 
between  the  upper  and  lower  sets  of  tubes,  causing  the  hot 
gases  to  pass  between  the  lower  tubes,  to  the  rear,  and  then 
between  the  tubes  of  the  upper  rows  to  the  chimney  connec- 
tion, which  is  usually  placed  near  the  front.  The  top  of  the 
boiler  is  covered  in  with  brickwork  or  tiles  supported  by 
T  bars.  The  brickwork  is  bound  together  by  buckstaves 
and  tie-rods. 

The  Rutzler  boiler  can  be  used  for  medium  pressures  for 
power  as  well  as  heating.  In  some  cases  it  is  advisable  to 
increase  the  steam  space  and  carry  the  water  level  higher, 
thus  adding  to  the  capacity  of  the  boiler.  In  such  cases  the 
front  drum  is  connected  by  two  large  tubes  to  a  steel  drum 
placed  at  the  rear,  the  water-line  being  about  at  the  center  of 
the  drum,  which  is  connected  by  two  return  pipes  to  the 
bottom  headers  to  allow  for  circulation.  In  this  construc- 
tion, the  smoke  pipe  is  connected  to  the  rear  under  the 
steam  dmm. 
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SHELL    HEATTKG    BOtLKRS 

38,     Dry-Tube    Sliell    BotIer« — Shell    heating    boilers 

consist  of  a  shell  made  of  steel  or  wrou^ht-iron  plates,  gen- 
erally cylindrical  in  form.  The  types  of  shell  boilers  used 
for  low-pressure  heating  work  generally  have  a  cylindrical 
firebox,  made  of  steel  plate,  within  the  shell,  A  large  heat- 
ing surface  is  given  by 
tubes  through  w^hich 
the  gases  pass.  An 
example  of  a  fire-tube 
vertical  shell  boiler  is 
given  in  Fig.  28,  It 
has  a  cylindrical  fire- 
box inside  the  shell. 
Short  tubes  pass  from 
the  top  of  the  firebox 
to  the  top  head  of  the 
shell,  as  shown.  The 
hot  fcT^ses,  after  pass- 
ing through  the  tubes, 
pass  dowmw^ards  over 
the  outer  surface  of  the 
shellf  and  are  allowed 
to  escape  through  an 
outlet  Q  near  the  bot- 
tom. The  smoke  pipe 
leading  to  the  chimney 
is  connected  to  the  out- 
let Q-  The  jacket  S 
consists  of  a  metal  shell,  which  is  lined  with  non-conducting 
and  refractory  material.  An  inclined  partition,  or  baf!!e 
plate,  P  extends  around  the  boiler  to  the  point  A'  compelling 
the  gases  to  pass  over  nearly  the  whole  outer  surface  of 
the  boiler  shell.  The  heating  surface  is  thus  considerably 
increased.  The  upper  part  of  the  tubes  is  not  surrounded 
by  water,  or  is  dry,  as  it  were.  From  this  fact  the  boiler  is 
said  to  belong  to  the  ilr^^tuUo  type. 


Fig,  28 
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39.  Dunning^  Boiler. — The  Dunning  boiler,  illustrated 
in  Fig.  29,  has  two  cylindrical  shells  a  and  b^  of  which  the 
inner  shell  a  forms  the  firebox  and  combustion  chamber. 
The  upper  part  of  the  combustion  chamber  is  enlarged,  as 
shown  at  c\  a  series  .^—    ^ 

of  vertical  fire-tubes,  [3^;— ^ r^_  \_s 

as  d,  connects  this  en- 
larged part  with  the 
bottom  head  of  the 
boiler.  The  gases 
pass  downwards 
through  these  tubes 
and  up  around  the 
outer  shell,  a  de- 
flector or  baffle  plate  e 
causing  the  gases  to 
pass  entirely  around 
the  outside  of  the 
shell  before  reaching 
the  opening  /  to  the  chimney.  The  boiler  is  enclosed  in  brick- 
work, as  shown.  Since  the  tubes  are  surrounded  by  water 
throughout  their  whole  length,  or  submerged,  as  it  were, 
the  boiler  belongs  to  the  submerged-tube  type. 


Fio.  29 
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SHEIili   POWER   BOLLEBS 


PURPOSE    AND    DIVISION 

40.  Power  boilers  are  those  that  generate  steam  for 
use  in  driving  engines,  and  for  operating  other  machinery. 
The  pressure  carried  in  power  boilers  is  therefore  much 
higher  than  that  required  only  for  heating  purposes,  and 
power  boilers  are  consequently  constructed  of  such  materials 
and  in  such  a  manner  that  they  will  resist  the  greater 
internal    pressure. 

The  extensive  heating  systems  of  large  manufacturing 
establishments  require  the  use  of  boilers  primarily  intended 
for  the  generation  of  steam  for  power  purposes;  the  general 
design  and  construction  of  the  boilers  commonly  employed 
only  for  heating  are  such  as  to  limit  their  use  to  buildings 
of  comparatively  small  size. 

Power  boilers  occupy  a  prominent  place  in  the  heating  of 
large  office  and  other  public  buildings,  state  and  federal 
institutions,  such  as  asylums,  jails,  court  houses,  etc.,  and  in 
theaters,  hospitals,  schools,  etc.,  where,  in  many  cases,  they 
furnish  steam  for  heating  only.  Whenever  power  is  neces- 
sary, however,  the  boilers  can  be  used  to  supply  steam  for 
the  heatinjTf  system  as  well,  a  steam  pressure  suitable  for  the 
power-generating  apparatus  being  carried  on  the  boilers, 
and  reduced  to  a  pressure  suitable  for  the  heating  system  by 
means  of  a  reducing  valve. 

41.  Power  boilers  may  be  divided  into  fire-tube,  water- 
tube,  and  sectional  boilers.  Fire-tube  boilers  always  have 
the  tubes  enclosed  by  a  shell,  made  of  wrought  iron  or  steel 
plate,  and  hence  are  often  called  sliell  boilers.  The  ordi- 
nary types  are  either  horizontal  or  vertical. 
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MATERIALS    OF    CONSTRUCTION 

42.  The  materials  used  in  modern  power  boiler  con- 
struction are  wrought  iroti^  steely  cast  irofiy  and,  to  a  very 
limited  extent,  copper  and  its  alloys.  The  qualities  required 
of  boiler  material  are:  (1)  Ductility,  in  order  that  it  may 
undergo,  without  injury  to  its  tensile  strength,  the  various 
processes  to  which  it  must  be  subjected  in  being  made  up 
into  boiler  parts;  (2)  tensile  strength,  to  resist  the  stresses 
due  to  the  steam  pressure;  (3)  toughness  and  elasticity. 

43.  Wrouglit  iron,  until  a  few  years  ago,  was  almost 
the  only  material  of  which  boiler  shells,  fireboxes,  and  tubes 
were  made.  The  wrought  iron  used  in  the  better  grade  of 
work  is  known  commercially  as  C  //  No.  1  flange  iron. 
This  has  a  tensile  strength  of  from  50,000  to  65,000  pounds 
per  square  inch  and  is  quite  homogeneous;  that  is,  it  has  an 
even  texture.  This  grade  of  iron  is  not  very  fibrous,  does 
not  blister  nor  crack  much  in  the  fire,  stands  repeated  heat- 
ing, and  flanges  well.  When  the  iron  is  made  to  have  the 
higher  tensile  strength,  it  is  usually  found  to  be  obtained  at 
the  sacrifice  of  ductility.  As  a  measure  of  ductility,  good 
boiler  iron  should  show  an  elongation  of  at  least  20  per  cent, 
in  a  length  of  8  inches;  that  is,  when  a  bar  8  inches  long  is 
placed  in  a  testing  machine,  it  should  stretch  8  X  i¥o  =  li^ 
inches  before  breaking.  Iron  used  for  rivets  should  be  of 
the  very  best  quality;  it  should  be  soft  and  tough;  the  tensile 
strength  should  not  exceed  50,000  pounds  per  square  inch;  and 
a  good  rivet  should  bend  double  while  cold  without  fracture. 

44.  Steel  has  today  supplanted  wrought  iron  almost 
entirely  as  a  boiler  material.  The  steel  used  in  boiler  con- 
struction belongs  to  the  class  known  as  soft  or  mild  steel 
and  is  nearly  always  made  by  the  Siemens-Martin  process, 
more  commonly  called  the  * 'open-hearth  process."  It 
exceeds  iron  in  tensile  strength,  thus  permitting  the  use  of 
thinner  sheets;  it  is  as  ductile  as,  and  more  homogeneous 
than,  iron,  and  by  the  modern  processes  it  can  be  manufac- 
tured more  cheaply. 

65— 1« 
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45.  Cast   iron 

is  used  only  in  sec- 
tional boilers  like  the 
Harrison,  and  in  these 
cases  steel  casting:s 
are  often  substituted 
for  it.  Cast  iron  has 
some  advantages  as 
a  boiler  material.  It 
is  cheap,  durable, 
and  will  withstand 
corrosion  better  than 
wrought  iron  or 
steel.  Its  brittle  and 
treacherous  nature, 
however,  should 
prohibit  its  use  iu 
high-pressure  boilers^ 
except  for  mountings 
£  and  settings.  Some- 
times, however,  the 
ends  or  heads  of  plain 
cylindrical  and  flue 
boilers  are  made  of 
heavy  plates  of  cast 
iron. 

BOILERS 

46,  PljiluCylln- 
drtca]  Bo  tier, — The 
simplest  form  of  shell 
boiler,  from  which  all 
other  types  of  hori- 
zontal shell  boilers 
have  been  developed, 
is  the  plain  cylin- 
drical boiler  shown  in 
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Figs,  so,  31,  and  32.  Its  use  is  very  limited  today,  it  being 
scarcely  ever  found  outside  the  coal-niining  regions  o£  the 
United  States  of  America,  and  even  there  it  is  becoming 
5caTx:e«  It  consists  essentially  of  a  long  cylinder,  called 
the  fiheU,  made  of  iron  or  steel  plates  riveted  together  as 
shown  in  Fig.  30,  The  ends  of  the  cylinder  are  closed  by 
flat  or  hemispherical  plates  called  the  beads  of  the  boiler* 
The  front  head  is  shown  in  Fig.  31,  carrying  the  fit- 
tings B,  C  C  and  C  In  this  type  of  boiler  the  heads  are 
often  made  of  thick  cast  iron,  though  wrought-iron  plate  may 


Fig.  31  Fig,  -12 

be  used.  The  hemispherical,  or  dished,  form  of  head  is 
stronger  than  the  flat  head,  and  is  therefore  generally 
I  employed* 

The  boiler  is  enclosed  by  side  walls  of  brick.  The  channel 
beams  /,  /  are  laid  across  the  brick  side  walls,  and  from 

gse  beams  the  boiler  is  suspended  by  means  of  the  hooks 
^P  and  eyes  Q,  Q  (see  Figs,  3D  and  32) »  the  latter  being 
riveted  to  the  shell.  The  side  walls  are  supported  and 
prevented  from  biicklinji  by  the  hinders,  or  buck  staves.  Z,,  L 
liolted  together  at  the  top  and  the  bottom.  The  buck- 
staves  are  cast-iron  bars  of  T  section,  as  showm  in  the  figure. 
The  eyes  Q,  Q  are  placed  about  one-fourth  of  the  length  of 
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the  shell  from  each  end.  This  method  of  suspending:  the 
shell  allows  it  to  expand  and  contract  freely  when  heated 
or  cooled. 

The  rear  end  of  the  shell  is  enclosed  by  the  rear  wall, 
as  shown  in  Fig.  30;  the  wall  is  continued  back,  forming 
the  chamber  H^  into  which  opens  the  chimney,  or  stack,  K. 
The  front  of  the  boiler,  shown  in  Fig.  31,  is  of  cast  iron. 
The  front  end  of  the  shell  rest^  on  the  firebrick  R,  The 
weight  of  the  shell  comes  on  the  hooks  P^  P^  the  rear  wall 
and  firebrick  R  simply  keeping  it  in  position. 

The  furnace  F  is  placed  imder  the  front  end  of  the  boiler 
shell.  The  fuel  is  thrown  in  through  the  furnace  door  y,  and 
bums  on  the  grate  E,  the  ashes  falling  through  the  grate  into 
the  ash-pit  D,  To  insure  a  supply  of  air  sufficient  for  the 
complete  combustion  of  the  fuel,  the  furnace  is  sometimes 
supplied  with  the  blower  X\  this  consists  of  a  cylinder  lead- 
ing into  the  ash-pit,  into  which  is  led  a  jet  of  steam  through 
the  pipe  F.  The  jet  escapes  into  the  ash-pit  with  great 
velocity,  and  carries  along  with  it  a  quantity  of  air.  The 
blast  is  caused  to  impinge  against  the  grate  E,  thus  producing 
a  rapid  and  complete  combustion  of  the  fuel. 

Behind  the  furnace  is  built  the  brick  wall  G,  called  the 
brldpre.  It  serves  to  keep  the  hot  gases  in  close  contact 
with  the  under  side  of  the  boiler  shell.  As  boilers  of  this 
type  are  generally  quite  long,  a  second  bridge  G  is  usually 
added.  The  gases  arising  from  the  combustion  of  the  fuel 
flow  over  the  bridges  G  and  G'  into  the  chamber  H,  and 
escape  through  the  chimney  K,  The  flow  of  the  gases  is 
regulated  by  the  damper  T  placed  within  the  chimney.  The 
space  U  between  the  bridges  is  fillediwith  ashes  or  some 
other  good  non-conductor  of  heat.  The  door  Z  in  the  boiler 
front  gives  access  to  the  ash-pit  for  the  removal  of  the  ashes. 
The  tops  of  the  bridges,  the  inner  surface  of  the  side  walls 
and  rear  wall,  and  in  general  all  portions  of  the  brickwork 
exposed  to  the  direct  action  of  the  hot  gases  are  made  of 
firebrick  (shown  in  Figs.  *)0  and  ^^2  by  the  dark  section 
lining),  since  the  firebrick  is  able  to  withstand  a  very  high 
temperature. 
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It  will  be  seen,  by  referring  to  Fig.  32,  that  the  upper  por- 
tion of  the  boiler  shell  is  covered  with  firebrick  in  such  a 
manner  as  to  prevent  the  hot  gases  from  coming  in  contact 
with  the  shell  above  the  water-line  V,  It  is  a  general  rule 
in  power-boiler  construction  and  setting  that  under  no  circum- 
stances should  the  fire-line  be  carried  above  the  water-li7ie.  The 
top  of  the  shell  is  covered  by  brickwork  or  some  other  non- 
conducting material  to  prevent  radiation  of  heat.  The  shell 
is  filled  with  water  through  the  feed-pipe  N,  which  leads  to  a 
pump  or  injector.  When  in  operation,  the  water  stands  at 
about  the  level  V,  the  space  5  above  being  occupied  by  the 
generated  steam.  The  safety  valve  is  shown  at  A,  The 
office  of  the  safety  valve  is  to  prevent  the  steam  pressure 
from  rising  above  the  desired  point.  The  pipe  b  is  the  main 
steam  pipe  leading  to  the  engine;  the  pipe  c  provides  for  the 
escape  of  the  waste  steam  when  the  safety  valve  blows  off. 
The  steam  gauge  B  indicates  the  pressure  of  the  steam  in 
the  boiler.  The  gauge  is  attached  to  a  pipe  that  passes 
through  the  front  head  into  the  steam  space.  The  gauge- 
cocks  C  C  and  C,  are  placed  in  the  front  head  of  the  shell; 
they  are  used  to  determine  the  water  level.  For  instance, 
if  the  cock  C  is  opened  and  water  escapes,  it  is  evident  that 
the  water-line  is  above  the  cock  d,  while  if  steam  escapes 
the  level  must  be  below  C.  The  manhole  O  is  simply  a 
hole  placed  in  the  front  head  through  which  a  man  may  enter 
and  inspect  or  clean  the  boiler.  The  hole  is  closed  by  a 
plate  and  yoke.  To  permit  the  boiler  to  be  emptied,  it  is 
provided  with  a  blow-off  pipe  M,  through  which  the  water  or 
sediment  may  be  discharged.  These  boilers  are  made  from 
30  to  42  inches  in  diameter,  and  from  20  to  40  feet  long, 
though,  in  rare  instances,  they  have  been  constructed  with  a 
diameter  of  48  or  more  inches,  and  a  length  of  60  or  even 
100  feet. 

Plain  cylindrical  boilers,  on  account  of  their  small  water- 
heating  surface,  are  very  uneconomical,  and  hence  are  not 
used  where  fuel  is  expensive.  They  are  not  adapted  for  use 
in  office  buildings,  or  wherever  floor  space  is  valuable,  on 
accotmt  of  their  great  size  and  high  cost  of  operation. 
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47.    Fine  Boiler. 

The  flue  boiler  has 
been  developed  from 
the  plain  cylindrical 
boiler  by  placing  in- 
side the  boiler  two  or 
more  large  flues  run- 
ning lengthwise  and 
below  the  water-line » 
thus  extending  the 
heating  surface.  It 
has  the  disadvantages 
of  the  plain  cylin* 
drical  boiler,  but  to  a 
smaller  extent;  since 
it  is  more  accessi- 
ble for  cleaning  than 
some  of  the  more 
highly  developed 
forms  of  fire -tube 
boilers,  its  employ- 
ment is  quite  general 
in  places  where  the 
feed  water  is  muddy, 
or  where  skilled  at- 
tendance is  difficult 
to  obtain-  The  flue 
boiler*  while  rarely 
met  with  in  the  east- 
ern part  of  the  United 
States  of  America,  is 
quite  common  in  the 
western  and  south- 
ern parts* 

A  two -flue  boiler 
is  shown  in  Figs,  33, 
34,  and  35.  The 
0ues  At  A  are  fixed  at 
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the  ends  in  the  front  and  rear  heads  of  the  slielU  respectively. 
The  front  end  of  the  shell  is  prolonj^ed*  forming  the  smoke- 
box  fi,  into  which  opens  the  smokestack  C  The  front  of 
the  smokebox  is  provided  with  a  door  /i.  The  boiler  shell 
is  also  provided  with  the  dome  D,  which  forms  a  chamber 
where  steam  may  collect  and  free  itself  from  its  entrained 
water  before  passing  to  the  engine.     The  hot  gases  pass 


Fig   U 


Ft4>.as 


over  the  bridges  to  the  chamber  H,  and  then  back  to  the 
front  end  through  the  flues  A^  A  into  the  smokebox  /?,  and 
out  through  the  stack  C  Ft  is  plain  that  the  water-heating 
surface  is  increased  over  that  of  the  plain  cylindrical  boiler 
by  the  cylindrical  surface  of  the  flues  A,A^  In  other  par* 
licnlars,  the  description  of  the  plain  cyUndrical  bojler  applies 
equally  well  to  the  flue  boiler. 

48.  llortsBoiital  rteturii-Tubulnr  Boiler, — By  extend- 
ing the  principle  of  the  Hue  boiler,  that  is,  by  making  the 
flues  more  numerous  and  smaller*  the  horizontal  return- 
tabular  boiler  has  been  developed.  In  this  boiler »  by  far  the 
greatest  amount  of  the  total  heating  surface  is  given  by  the 
small  flues,  called  tul>e@,  that  are  traversed  by  the  gases  of 
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combustion.  The  space  occupied  is  moderate  in  coniparison 
with  a  flue  boiler  of  equal  sleani  generating  capacity » 
although  greater  than  required  for  water-tube  boilers.  When 
property  constructed  and  operated,  it  is  a  very  efficient  boiler 
that  has  long  been  a  favorite  for  office  buildings,  in  spite  of 
the  drawback  that  the  large  amount  of  water  it  contains 
makes  it  a  very  dangerous  apparatus  in  case  of  an  ejEplosjon. 
It  is  but  recently  that  the  more  modern  and  inherently  safer 
types  of  water-tube  boilers  have  commenced  to  supersede 
it  in  office  buildings.     The  return-tubular  boiler  is  so  largely 


used  in  the  United  States  of  America  that  it  can  aptly  be 
designated  as  their  standard  fire-tube  stationary  boiler* 

A  horizontal  return-titbular  boiler  and  its  setting  is  shown 
in  perspective  in  Fig.  36.  Part  of  the  setting  and  boiler 
front  rt  has  been  broken  away  in  order  to  show  the  construc- 
tion clearly.  The  tubes  extend  the  whole  length  of  the  shell; 
their  ends  are  expanded  into  holes  in  the  boiler  heads  and 
beaded  oven  A  smokebox  ^  is  formed  at  the  front  of  the 
boiler  by  brickwork,  the  arch  r  separating  the  smokebox  from 
the  furnace*     The  connection  to  the  chimney  is  made  from 
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the  top  of  the  smokebox  by  a  sheet-iron  pipe,  as  a  general 
rule;  occasionally,  a  brick  flue  is  formed  on  top  of  the  boiler, 
the  flue  leading  to  the  chimney.  The  boiler  is  supported  on 
the  brick  walls  by  the  brackets  d,  d  riveted  to  the  shell. 
These  brackets  usually  rest  on  cast-iron  plates  let  into  the 
brickwork,  rollers  being  interposed  between  the  brackets  and 
plates  to  allow  the  boiler  to  expand  freely.  A  dome  e,  which 
increases  the  steam  space,  is  usually  provided,  though  this  is 
sometimes  left  ofl[.  The  walls  are  built  and  supported  by 
buckstaves  in  practically  the  same  manner  as  those  previ- 
ously described.  Since  this  type  of  boiler  is  generally  short, 
only  one  bridge  is  used.  Firebrick  is  used  for  all  parts  of 
the  wall  exposed  to  the  fire  or  heated  gases.  The  fittings  are 
not  shown  in  the  figure.  The  safety  valve  is  placed  on  top 
of  the  dome,  and  the  pressure  gauge  and  gauge-cocks  are 
placed  on  the  front.  The  manhole  is  either  in  one  of  the 
heads  or  on  top  of  the  shell.  The  feedpipe  may  enter  the 
front  head,  while  the  blow-ofl[  pipe  /  is  placed  at  the  bottom  of 
the  shell,  at  the  rear  end.  Access  is  given  to  the  rear  end 
of  the  boiler  through  a  clean-out  door.  The  tubes  are  made 
accessible  for  cleaning  out,  etc.  by  large  doors,  as  /,  in  the 
boiler  front.  The  furnace  g  is  placed  under  the  front  end 
of  the  boiler.  The  gases  pass  over  the  bridge  h,  along  under 
the  boiler  into  the  chamber  at  the  rear,  then  back  through  the 
tubes  to  the  smokebox  b,  and  thence  to  the  chimney. 

49.  liOcomotlve,  or  Firebox,  Boiler. — Next  to  the 
multitubular  type,  the  firebox  boiler  is  probably  more  used 
than  any  other  type.  It  is  used  exclusively  in  railway  ser- 
vice, and  also  largely  as  a  stationary  boiler.  A  large  pro- 
portion of  the  small  portable  combined  engines  and  boilers 
used  for  agricultural  purposes  are  of  this  type.  The  general 
construction  is  shown  in  Fig.  37.  The  shell  is  composed  of 
two  differently  shaped  parts  riveted  together.  The  front 
part  of  the  shell  is  cylindrical;  the  rear  part  is  usually  of  a 
rectangular  cross-section  with  vertical  sides,  or  of  a  trape- 
zoidal section  with  inclined  sides;  in  either  case  the  top  is 
semicylindrical.     The  furnace  /^  is  a  box  of  the  same  shape 
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as  the  rear  end  of  the  shell  in  which  it  is  placed.  There  is  a 
space  left  between  the  sides  and  the  end  of  the  furnace  and 
the  shell;  this  space  is  filled  with  water,  as  shown  at  A,  A, 
A  series  of  tubes  extends  from  the  front  sheet  of  the  furnace 
or  firebox,  to  the  front  head  of  the  shell.  The  shell  is  pro- 
longed beyond  the  front  head,  forming  a  smokebox  B,  into 
which  opens  the  stack  C. 

As  shown  in  this  figure,  the  water  lej^s  (as  the  spaces  A^  A 
are  called)  extend  only  as  far  as  the  grate,  the  ash-pit  D  being 
formed  in  the  brick  setting.  In  many  boilers  of-  this  type 
the  water  legs  extend  to  the  bottom  of  the  ash-pit,  and  some- 
times there  is  a  water  space  below  the  ash-pit;  that  is,  the 


Fig.  37 

furnace  and  ash-pit  are  entirely  surrounded  by  water,  and  no 
brickwork  settin^]^  is  required. 

The  boiler  is  supported  at  the  front  end  by  the  cast-iron 
cradle  /t  resting  on  the  masonry  foundation  G.  The  rear 
end  is  supported  on  a  brick  wall,  which  also  forms  the  ash- 
pit. The  boiler  is  usually  provided  with  a  dome  //  from 
which  is  led  the  main  steam  pipe,  which  is  bolted  on  at  /f. 
In  the  figure,  the  dome  is  provided  with  a  manhole  L,  The 
feedwater  may  be  introduced  at  any  convenient  point  in  the 
shell.  The  pressure  ganj^e,  water  glass,  and  gauge-cocks 
are  attached  to  the  colunm  /!/,  which  is  placed  in  communi- 
cation with  the  interior  of  the  shell.  The  furnace  and  ash-pit 
doors  are  shown  at  A''  and  O,  respectively.     The  safety  valve 
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is  usually  attached  to  the  dome.  Since  the  flat  sides  of  the 
furnace  and  shell  are  liable  to  bulge  on  account  of  the  pres- 
sure, they  must  be  braced  or  stayed.  This  is  accomplished 
by  the  staybolts  5,  5.  The  flat  top,  or  crown  sheet,  of  the 
firebox  is  strengthened  by  a  series  of  parallel  girders  P,  P. 
As  an  additional  security,  the  girders  are  sometimes  attached 
to  the  shell  by  the  sling  stays  Ry  R.  The  gases  of  combus- 
tion pass  directly  from  the  furnace  through  the  tubes  T,  T 
to  the  smokebox  By  and  out  of  the  stack  C,  In  railway  loco- 
motives, a  strong  draft  is  obtained  by  allowing  the  exhaust 
steam  to  discharge  through  the  smokestack.  The  escaping 
steam  carries  along  the  air  and  the  escaping  gases  in  the 
smokebox  By  thereby  drawing  a  new  supply  of  gases  through 
the  tubes  Ty  7",  and  a  supply  of  air  through  the  grate.  The 
tubes  of  the  locomotive  boiler  are  about  12  feet  long,  2  inches 
in  diameter,  and  made  of  wrought  iron  or  steel.  The  tubes 
of  stationary  and  portable  boilers  of  this  type  are  generally 
of  larger  diameter,  as  there  is  less  demand  for  great  quanti- 
ties of  steam. 

The  locomotive  type  of  stationary  boiler  is  self-contained; 
that  is,  it  requires  no  brickwork  for  flues  or  setting.  This 
type  of  boiler  is  used  by  heating  engineers  chiefly  for  tem- 
porary heating  or  power  purposes,  because  it  obviates  the 
expense  of  brick  setting  and  delay  incidental  to  the  latter. 


VERTICAL.    SHELL.    BOILERS 

50,  The  vertical  type  of  fire-tube  shell  boiler  may  be 
considered  as  a  modification  of  a  locomotive-type  boiler 
placed  on  end,  and,  in  common  with  that  type,  is  self- 
contained.  A  common  form  of  vertical  boiler,  shown  in 
Fig.  38,  consists  of  a  vertical  cylindrical  shell,  in  the  lower 
end  of  which  is  placed  a  firebox  F.  The  lower  rim  of  the 
firebox  and  the  lower  end  of  the  shell  are  separated  by  a 
wrought-iron  ring  k  to  which  both  are  riveted,  the  rivets 
going  through  both  plates  and  ring.  The  shell  and  firebox 
are  also  stayed  together  by  the  staybolts  «,  a.  The  space 
between  the  two  is  filled  with  water,  so  that  the  firebox  is 
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nearly  surrounded  by  it.  The  boiler  shell;  and  likewise  the 
^ate  E,  rest  on  a  cast-irun  base  D  that  forms  the  ash-pit. 

A  series  of  vertical  tubes  i,  i  extends  from  the  top  sheet  of 
the  firebox  to  the  upper  head  of  the  shelL  The  tubes  serve 
as  stays,  and  strenf^then  the  flat  surfaces  that  they  connect. 
The  upper  ends  of  the  tubes  open  directly  into  the  chimney , 


Fir,.  38 

or  smokestack.  A'.  The  gases  from  the  furnace  thus  pas 
directly  through  the  tubes  and  out  of  the  stack.  The  safety 
valve  is  shown  at  H,  with  the  main  steam  pipe  G  leadings 
from  it.  The  pressure  gau^e  P  and  gauge-cocks  c^  r,  c  are 
attached  to  a  column  L,  which  communicates  in  the  usuaJ 
manner  with  the  interior  of  the  shell.     The  construction  of 


§25  HEATING  AND  POWER  BOILERS  63 

this  type  of  boiler  does  not  generally  permit  the  use  of  man- 
holes, but  handholesi^,  J/are  placed  in  convenient  positions 
for  cleaning  out  mud  and  sediment. 

51.  When  the  tubes  extend  through  the  upper  head  of 
the  boiler,  as  shown  in  Fig.  38,  their  upper  ends  pass  through 
the  steam  space  5  above  the  water-line  F,  F.  This  is  looked 
on  as  a  bad  feature,  since  the  tubes  are  liable  to  become 
overheated  and  thus  collapse  when  the  boiler  is  forced. 

In  the  form  of  vertical  boiler  shown  in  Fig.  39,  this  danger 
is  avoided.  A  chamber,  or  smokebox,  /  extends  down  from 
the  upper  head  of  the  shell  so  that  its  bottom  plate  is  always 
below  the  water-line.  The  upper  ends  of  the  tubes  /,  /  are 
expanded  into  the  lower  plate  of  this  chamber,  and,  there- 
fore, the  tubes  are  always  surrounded  by  water  from  end  to 
end.  A  vertical  boiler  constructed  in  this  manner  is  said  to 
have  a  submerged  head.  Aside  from  the  submerged  head, 
the  construction  of  the  boiler  is  similar  to  that  shown  in 
Fig.  38. 

Vertical  boilers  are  generally  wasteful  of  fuel,  and  are 
perhaps  more  liable  to  explosion  than  any  other  type.  They 
are,  however,  self-contained,  require  but  little  floor  space, 
and  are  easy  to  construct  and  repair.  For  these  reasons  the 
vertical  type  of  boiler  is  very  popular  for  small  installations 
with  many  steam  users. 

52.  Boilers  having  the  construction  shown  in  Figs.  38 
and  39  are  very  liable  to  throw  sparks  from  the  chimney, 
especially  when  the  fire  is  forced.  This  makes  their  use 
dangerous  in  many  localities.  The  Shapley  vertical  boiler 
has  been  designed  to  overcome  this  defect.  It  has  drop  flues 
passing  down  through  the  water  space.  The  combination 
of  the  drop-tube  flues  and  the  smoke  chamber  at  the  base 
tends  to  prevent  sparks  from  passing  up  the  chimney,  the 
sparks  settling  in  the  smoke  chamber.  This  is  an  important 
fire  preventive  that  should  be  considered  in  setting  boilers 
in  back-yard  sheds  or  other  dangerous  places. 
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WATER-TUBE  POWER  BOILERS 


STRAIGHT-TUBE     BOILERS 

53.  BabcDck  &  WUcox  Boiler- — Water- tube  boilers 
may  be  divided  into  straight-tube  and  bent-tube  boilers^ 
One  of  the  best  known  straight-tube  water- tube  boilers  is 
the  Babcock  &  Wilcox  boiler  illustrated  in  Fig.  40*  It  con* 
Kists  essentially  of  a  main  horizontal  drum  B  and  of  a  series 
of  inclined  tubes  T,  T.  Only  a  single  vertical  row  of  tubes 
is  shown  in  the  figftire,  but  it  will  be  understood  that  each 
nest  of  tubes  is  composed  of  several  vertical  rows.  There 
are  usually  7  or  8  of  these  vertical  rows  to  each  horizontal 
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drum.  The  front  ends  of  the  tubes  of  a  vertical  row  are  all 
expanded  into  a  hollow  iron  or  steel  fitting  //,  called  a 
header.  The  rear  ends  are  expanded  into  a  sunilar  header, 
and  the  front  and  rear  headers  are  placed  in  comniunica- 
tion  with  the  drum  by  tubes »  or  rli^erw*  C  C  In  front  of 
each  tube  a  handhole  is  placed  in  the  header  for  the  pur- 
pose of  cleaning;  inspecting,  or  removing  the  tubes. 

The  method  of  supporting  the  boiler  is  not  shown  in  the 
figure.      The   usual   method    is  to   hang    the   boiler   from 
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wrought-iron  girders  resting  on  vertical  iron  columns.  The 
brickwork  setting  is  not  depended  on  as  a  means  of  support. 
This  make  of  boiler,  in  common  with  most  others  of  the  water- 
tube  type,  requires  a  brickwork  setting  to  properly  confine 
the  furnace  gases. 

The  furnace  is  of  the  usual  form,  and  is  placed  under  the 
front  end  of  the  nest  of  tubes.  The  bridge  wall  G  is  built 
up  to  the  bottom  row  of  tubes;  another  firebrick  wall  K  is 
built  between  the  top  row  of  tubes  and  the  drum.  These 
walls  and  the  baffle  plates  5,  5  force  the  hot  furnace  gases  to 
follow  a  zigzag  path  back  and  forth  between  the  tubes.  The 
gases  finally  pass  through  the  opening  A,  in  the  rear  of  the 
wall,  into  the  chimney  flue.  The  feedwater  is  introduced 
through  the  feedpipe  E.  The  steam  is  collected  in  the  dry 
pipe  /%  which  terminates  in  the  nozzles  M  and  A^,  to  one  of 
which  is  attached  the  main  steam  pipe,  and  to  the  other  the 
safety  valve.  The  pressure  gauge,  cocks,  etc.  are  attached 
to  the  column  A,  which  communicates  with  the  interior  of 
the  shell  by  the  small  pipes  u  and  v,  the  former  of  which 
extends  into  the  dry  pipe,  the  latter  into  the  water.  At  the 
bottom  of  the  rear  row  of  headers  is  placed  the  mud-drum  I). 
Since  this  drum  is  the  lowest  point  of  the  water  space,  most 
of  the  sediment  naturally  collects  there.  This  sediment  may 
be  blown  out  from  time  to  time  through  the  blow-off  pipe  P. 
The  drum  D  is  provided  with  a  handhole  Q,  and  a  manhole  A* 
is  placed  in  the  front  head  of  the  drum  /?.  The  heads  of  the 
drums  are  of  hemispherical  form,  and  therefore  do  not 
require  bracing.  Access  may  be  had  to  the  space  within 
the  walls  through  the  doors  /  and  J,  The  circulation  of 
water  takes  place  as  follows:  The  feedwater  is  introduced 
into  the  rear  of  the  steam  drum;  the  furnace  beinjj  under 
the  higher  end  of  the  tubes,  the  water  in  that  end  expands 
on  being  heated,  and  is  also  partly  chanj^ed  to  steam; 
hence,  a  column  of  mingled  water  and  steam  rises  throuj^h 
the  front  headers  to  the  front  end  of  the  drum  /y,  where  the 
steam  escapes  from  the  surface  of  the  water.  In  the  mean- 
time, the  feedwater  fed  into  the  rear  of  the  drum  descends 
to  the  rear  headers  through  the  long  tubes  C  to  take  the 
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place  of  the  water  that  has  risen  in  front.  Thus,  there  is  a 
continuous  circulation  in  one  direction,  sweeping  the  steam 
to  the  surface  as  fast  as  it  is  formed,  and  supplying  its  place 
with  cooler  water.  Most  of  the  sediment  sinks  to  the  mud- 
drum  /?»  from  which  it  is  blown  out  from  time  to  time, 

54,  Root  Water-Tvibe  Bolter.^ — The  construction  of 
the  Root  water-tube  boiler,  shown  in  Figs.  41  and  42,  is 
similar  to  that  of  the  Babcock  &  Wilcox  boiler.  Fig,  41 
gives  a  longitudinal  section,  and  Fig,  42  an  end  view  with 


the  brickwork  removed  to  show  the  various  drums  and  con- 
nections* The  construction  of  this  boiler  is  very  similar  to 
that  of  the  one  just  described.  There  is  a  nest  of  inclined 
tubes,  the  ends  of  which  are  expanded  into  headers-  The 
headers  are  placed  in  communication  by  the  U-shaped  return 
bends  a,  a,  A  continuous  channel  is  therefore  provided  for 
the  circulation  of  the  water  throuijh  the  headers.  There  is 
a  horizontal  overhead  drum  .!  for  each  vertical  section  of 
tubes.  These  drums  A,  A  are  placed  in  communication  wiih 
the  transverse  drum  B  by  the  tubes  C  C     The  drum  B  is  in 
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turn  connected  with  the  lower  drum  H  by  the  two  large 
water  legs  />,  Z>.  Fioally,  the  drum  H  communicates  with 
the  rear  headers  through  the  tubes  L^L.  There  is  thus  an 
open  circuit  through  the  tubes  T,  drum  A^  tubes  C  drum  B, 
water  legs  A  drum  H,  and  tubes  L.  The  water-line  is  at 
about  the  middle  of  the  drums  A,  A,  and  the  steam  rising 
from  the  surface  of  the  water  first  passes  into  the  drum  P^ 
and  then  into  the  main  steam 
drum  S  through  the  pipes  Q^  Q. 
The  main  steam  pipe»  the  safety 
vaJve,  and  other  fittings  may  be 
attached  to  the  drum  S  at  the 
nozzles  £/,  l\  and  IV,  The  feed- 
water  is  introduced  into  the 
drum  B  through  the  feedpipe  A", 
The  circulation  takes  place  in  the 
same  manner  as  in  the  Babcock 
&  Wilcox  boiler.  The  drum  H 
acts  as  the  mud-drum,  being  at 
ihe  lowest  point  of  the  water  cir- 
cuit* The  sediment  may  be  blown 
out  through  the  pipe  A'.  Access 
may  be  had  to  the  interior  of  the 
setting  through  the  doors  /%  7% 
The  steam  drum  is  provided  with 
a  manhole.  The  rear  end  of  the 
boiler  is  supported  by  the  brickwork  foundation;  the  front 
end  is  supported  by  a  beam  G  hung  from  the  I  beam  A\  The 
arrangement  of  the  bridge  and  bafHe  plates  /,  /  and  the 
course  of  the  heated  gases  are  precisely  the  same  as  in 
the  Babcock  &  Wilcox  boiler.  The  points  of  superiority 
claimed  by  the  makers  of  the  Root  boiler  are;  the  flexible 
construction  of  the  headers,  allowing  for  expansion  and  con- 
traction; the  use  of  numerous  small  overhead  drums  instead 
of  one  or  more  large  ones;  the  introduction  of  the  feedwater 
into  a  separate  drum;  the  admission  of  the  circulating  water 
directly  into  the  lower  tubes,  thus  protecting  them  from  the 
intense  heat  of  the  furnace* 
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There  are  several  other  makes  of  similar  water- tube  boilers, 

varying  only  in  detail  from  the  two  just  described*  They  all 
consist  essentially  of  a  bank  of  4-inch  tubes,  inclined  at  an 
angle  of  about  15  degrees,  connected  by  headers  and  tubes 
with  a  horizontal  steam  drum,  the  tubes,  headers,  and  drums 
forming  a  closed  circuit  through  which  the  water  circulates. 

55.  iloltie  Bollert — A  boiler  differing  in  many  respects 
from  those  shown  in  Figs,  40,  41,  and  42  is  the  Heine  boiler, 
illustrated  in  Fig,  43,  It  consists  of  a  large  main  drum  .^, 
which  is  above  and  parallel  with  the  nest  of  tubes  7",  T. 
Both  drum  and  tubes  are  inclined  at  an  angle  with  the  hori- 
zontal that  brings  the  water  level  to  about  one- third  the 
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heiE^t  of  the  drum  in  front  and  about  two-thirds  the  height 
in  the  rear.  The  eods  of  the  tubes  are  expanded  into  the 
large  wrought-iron  water  legs  B,  B,  These  legs  are  flanged 
and  riveted  to  the  shell,  which  is  cut  out  for  about  one-fourth 
of  its  circumference  to  receive  them,  the  opening  being 
from  60  to  90  per  cent,  of  the  cross-sectional  area  of  the 
tubes^     The  drum  heads  are  of  a  hemispherical  forni,  and 
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therefore  do  not  need  bracing.  The  water  legs  form  the 
natural  support  of  the  boiler,  the  front  water  leg  being  placed 
on  a  pair  of  cast-iron  columns  E  that  form  part  of  the  boiler 
front,  while  the  rear  water  leg  rests  on  rollers,  shown  at  /% 
which  may  move  freely  on  a  cast-iron  plate  bedded  in  the 
rear  wall.  These  rollers  allow  the  boiler  to  expand  freely 
when  heated.  The  boiler  is  enclosed  by  a  brickwork  settii^g 
in  the  usual  manner.  The  bridge  G,  made  largely  of  fire- 
brick, is  hollow,  and  has  openings  in  the  rear  to  allow  air  to 
pass  into  the  chamber  P  and  mix  with  the  furnace  gases. 
This  air  is  drawn  from  the  outside  through  the  channel  Q  in 
the  side  wall,  and  it  is,  of  course,  heated  in  passing  through 
the  bridge.  In  the  rear  wall  is  the  arched  opening  O,  which 
is  closed  by  a  door  and  further  protected  by  a  thin  wall  of 
firebrick.  When  it  is  necessary  to  enter  the  chamber  P^  the 
wall  at  O  may  be  removed,  and  afterwards  replaced.  The 
feedwater  is  brought  in  through  the  feedpipe  N,  which 
passes  through  the  front  head.  As  the  water  enters,  it  flows 
into  the  mud-drum  Dy  which  is  suspended  in  the  main  drum 
below  the  water-line,  and  is  thus  completely  submerged  in 
the  hottest  water  in  the  boiler.  This  high  temperature  is 
useful  in  precipitating  the  impurities  contained  in  the  feed- 
water,  which  settle  in  the  mud-drum  D,  and  may  then  be 
blown  out  through  the  blow-off  pipe  M,  Layers  of  fire- 
brick Hy  H  are  laid  at  intervals  along  the  rows  of  tubes,  and 
act  as  baffle  plates,  forcing  the  furnace  gases  to  pass  back 
and  forth  over  the  tubes.  The  gases  finally  escape 
through  the  chimney  R  placed  above  the  rear  end  of  the 
boiler.  To  protect  the  steam  space  of  the  drum  from 
the  action  of  the  hot  gases,  the  drum  in  the  vicinity  of  the 
chimney  is  protected  by  firebrick,  as  shown  in  the  figure. 
The  steam  is  collected  and  freed  from  water  by  the  per- 
forated dry  pipe  K.  The  main  steam  pipe  with  its  stop-valve 
is  shown  at  X^  and  the  safety  valve  at  Z,  In  order  to  prevent 
a  combined  spray  of  mixed  water  and  steam  from  spurting  up 
from  the  front  header  and  entering  the  dry  pipe,  a  deflecting 
plate  L  is  placed  in  the  front  end  of  the  drum.  A  manhole  Y 
is  placed  in  the  rear  head  of  the  drum.     The  flat  sides  of  the 
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water  legs  are  stayed  together  by  the  staybolts  S,  S,  which 
are  made  hollow  to  give  access  to  the  outside  of  the  tubes. 
In  front  of  each  tube  a  handhole  C  is  placed  to  give  access  to 
the  interior  of  the  tubes. 

Where  a  battery  of  several  of  these  boilers  is  used»  an 
additional  steam  drum  is  placed  above  and  at  right  angles  to 
the  drums  A. 


BENT-TUBE    AND    SECT  ION  AI.    POWER    BOILERS 

56.     Htlrllti^  Bo Uer. — One  of  the  best-known  bent-tube 
types  of  stationary  boilers  is  the  Stirling  water-tube  boiler 
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shown  in  Fig.  44.  It  is  quite  a  departure  from  the  regular 
type  of  water-tube  boilers.  It  consists  of  a  lower  drum  A 
connected  with  three  upper  drums  B,  B^  B  by  three  sets  of 
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nearly  vertical  tubes.  These  upper  drums  are  connected  by 
the  curved  tubes  C,  C\  C.  The  curved  forms  of  the  different 
sets  of  tubes  allow  the  different  parts  of  the  boiler  to  expand 
and  contract  freely  without  strain.  The  boiler  is  enclosed, 
as  shown,  in  a  brickwork  setting,  which  is  provided  with 
various  holes  //,  //,  so  that  the  interior  may  be  inspected  or 
repaired.  The  boiler  is  suspended  from  a  framework  of 
wrought-iron  girders,  not  shown  in  the  figure.  The  bridge  E 
is  lined  with  firebrick,  and  is  built  in  contact  with  the  lower 
drum  A  and  the  front  nest  of  vertical  tubes.  An  arch  D  is 
built  above  the  furnace,  and  this,  in  connection  with  the 
bafflers  /%  F ,  directs  the  course  of  the  heated  gases,  causing 
them  to  pass  up  and  down  between  the  tubes.  The  arch  and 
bafflers  are  made  of  firebrick.  The  cold  feedwater  enters  the 
rear  upper  drum  and  descends  through  the  rear  neist  of  tubes 
to  the  drum  A^  which  acts  as  a  mud-drum,  and  collects  the 
sediment  brought  in  by  the  water.  A  blow-off  pipe  N 
permits  the  removal  of  the  sediment.  The  steam  collects  in 
the  upper  drums  B^  B.  The  steam  pipe  and  safety  valve  5 
are  attached  to  the  middle  drum.  The  chimney  7^  is  located 
behind  the  rear  upper  drum.  The  water  column  L,  with  its 
fittings,  is  placed  in  communication  with  the  front  upper 
drum.  All  the  drums  are  provided  with  large  manholes  ^. 
The  boiler  is  made  with  a  cast-iron  front. 

The  following  advantages  are  claimed  for  the  Stirling 
boiler:  (1)  The  vertical  position  of  the  tubes  prevents  the 
collection  of  sediment,  and  at  the  same  time  encourages  the 
rapid  rise  and  separation  of  the  steam  as  soon  as  it  is  formed; 
(2)  the  boiler  is  very  simple  and  easy  to  construct;  there 
are  no  flat  surfaces  to  be  stayed,  and  there  is  little  or  no 
machine  work  required  in  its  manufacture;  (3)  it  is  very 
accessible  for  cleaning  or  repairs;  any  part  of  the  drums  may 
be  inspected  by  removing  the  four  manhole  plates  ^,^. 

67.  Harrison  Safety  Boiler. — While  the  boiler  shown 
in  Fig.  45  is  not  a  water-tube  boiler,  the  fact  of  its  following 
the  same  general  method  of  construction  to  insure  safety, 
which  is  the  subdivision  of  the  contained  water  into  small 
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bodies,  warrants  its  description  here.  The  Harrison  safety 
boiler  is  composed  of  hollow  cast-iron  or  steel  sections  A,  A, 
called  unltSf  which  are  accurately  faced  and  bolted  together* 

Each  section  is  composed  of  two  or  more  approximately 
spherical  vessels,  and  the  sections  are  bolted  together  in  a 
acigzag  manner^  as  shown  in  the  figure,  so  as  to  form  a  solid 
slab.  Each  bolt  runs  from  top  to  bottom  through  all  the 
units,  as  shown  at  C.  There  are  several  of  these  vertical 
slabs  of  sections  suspended  side  by  side  from  the  girders  B,B, 
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The  boiler  is  enclosed  by  brickwork  setting,  which  is  lined 
with  firebrick.  The  top  of  the  boiler  is  likewise  covered 
with  firebrick  to  prevent  radiation.  The  wall  is  pierced  with 
the  openings  Z?,  D  for  the  purpose  of  inspecting  the  interior* 
The  bridge  G  and  bafflers  //,  H  direct  the  hot  gases  back 
and  forth  between  the  sections. 

The  feedwater  enters  the  boiler  at  its  lowest  point  through 
the  feedpipe  A''.  The  steam  pipe  is  bolted  on  at  the  flange/* 
The  water  column  L,  placed  in  front  at  the  height  of  the 
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water  level,  is  connected  by  pipes  with  the  steam  and  water 
spaces,  respectively. 

The  chimney  flue  is  placed  at  the  rear  near  the  floor;  the 
draft  is  regulated  by  the  damper  T. 

The  boiler  is  essentially  a  safety  boiler.  If  the  steam 
pressure  becomes  excessive,  the  bolts  C  will  elongate  a  little 
and  allow  steam  to  escape  through  the  joints. 
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STEAM  AND  WATER   RESERVOIRS 


STEAM    DOMES 

1.  A  steam  dome  is  a  cylindrical  vessel  riveted  to  the 
shell  of  horizontal  power  boilers  for  the  purpose  of  increas- 
ing the  steam  space,  and  also  for  the  purpose  of  drying  the 
steam,  the  supposition  being  that  the  steam  will  be  dried  on 
account  of  its  being  farther  removed  from  the  water.  The 
hole  cut  in  the  shell  to  give  communication  between  the 
boiler  and  dome  should  be  made  only  large  enough  to  allow 
a  man  to  pass  through,  since  a  large  hole  materially  weakens 
the  shell.  The  edge  of  the  plate  around  the  hole  should  be 
reenforced  by  a  wrought-iron  ring  riveted  to  it.  Small  holes 
should  be  drilled  through  the  shell  plate  at  each  side  of  the 
boiler  inside  of  the  dome,  where  a  depression  is  formed,  to 
allow  the  water  that  accumulates  there  to  drain  back  into 
the  boiler.  The  dome  flange  fitting  the  boiler  shell  is 
called  the  saddle,  and  should  be  double-riveted  to  the  shell. 
Steam  domes  usually  have  a  diameter  equal  to  half  the 
diameter  of  the  boiler,  and  a  height  equal  to  about  nine- 
sixteenths  the  diameter  of  the  boiler,  the  proportions  given 
being  the  average  in  modern  practice. 

2.  The  top  of  the  steam  dome  is  closed  by  the  dome 
bead,  which  formerly  was  made  of  cast  iron.  Owing  to 
the  high  pressures  now  carried,  the  use  of  cast-iron  heads 
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for  high-pressure  boilers  has  been  almost  entirely  abandoned, 
by  reason  of  the  treacherous  nature  of  the  material.  In  the 
best  modem  practice,  flanged  and  crowned  steel  heads  are 
used,  the  head  being  crowned  to  a  radius  sufficient  to  make 
it  stiff  enough  to  withstand  the  pressure  without  additional 
bracing.  When  flanged  flat  steel  heads  are  used,  they 
must  be  well  braced  by  diagonal  braces. 


STEAM    DRUMS 

3.  Boilers  are  often  fitted  with  a  steam  drum  instead 
of  a  dome.  The  steam  drum  is  simply  a  cylindrical  vessel 
connected  to  the  shell.  When  several  boilers  are  set  so  as 
to  form  a  battery,  they  are  often  connected  to  a  drum  com- 
mon to  all  boilers.  When  each  boiler  has  its  own  furnace, 
there  should  be  a  stop-valve  between  each  boiler  and  the 
drum  to  allow  the  boiler  to  be  taken  out  of  service  when 
required.  When  the  boilers  in  battery  have  a  furnace  com- 
mon to  all,  no  stop- valve  should  ever  be  placed  in  the  pipe 
connections  between  each  boiler  and  the  drum.  Where 
boilers  are  in  battery  with  separate  furnaces,  each  boiler 
must  have  its  own  safety  valve,  which  should  always  be  so 
fitted  that  it  cannot  be  cut  off  from  the  boiler  under  any 
circumstances. 

Longitudinal  steam  drums  are  sometimes  attached  to  the 
boiler  by  two  nozzles.  This  practice  is  objectionable,  how- 
ever, since  with  an  unequal  expansion  of  the  boiler  and 
drum,  which  is  quite  likely  to  occur,  the  joints  of  the  nozzles 
will  become  leaky,  owing  to  the  strains  to  which  they  are 
subjected.  It  is  now  the  rule  in  good  work  to  use  one 
nozzle  only.  When  the  steam  drum  is  used  for  a  single 
boiler,  its  diameter  averages  half  the  diameter  of  the  boiler, 
and  its  length  the  diameter  of  the  boiler.  Where  one  steam 
drum  is  common  to  several  boilers,  its  diameter  averages 
half  the  diameter  of  the  boiler,  and  its  length  the  hori- 
zontal outside  to  outside  measurement  over  the  several 
boiler  shells.  Steam  drums  require  just  as  rigid  inspec- 
tion as  the  boiler  itself. 
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MUD-DRUMS 

4.  A  mud-drum  is  a  cylindrical  vessel  occasionally 
attached  to  a  power  boiler  for  the  purpose  of  providing  a 
quiet  place  for  the  collection  of  mud  and  sediment  in 
mechanical  suspension  in  the  feedwater,  which  is  then 
introduced  into  the  mud-drum.  It  is  located  underneath  the 
boiler  and  at  the  rear  end,  being  connected  to  the  boiler  by 
a  suitable  nozzle,  usually  of  cast  iron.  Where  several  boilers 
are  set  in  battery,  they  are  sometimes  connected  to  a  com- 
mon mud-drum.  This  practice  is  permissible  when  the  whole 
battery  is  used  at  once.  When  so  fitted,  none  of  the  boilers 
can  be  temporarily  taken  out  of  service  unless  each  nozzle  is 
provided  with  a  stop-valve.  Owing  to  the  difficulty  of  pro- 
tecting the  valve  from  the  fire,  this  is  rarely  done.  This 
consideration  limits  the  use  of  a  common  mud-drum  to  cases 
where  all  the  boilers  are  worked  together.  When  a  mud- 
drum  is  fitted,  the  blow-off  should  be  attached  to  it  and  the 
sediment  collected  in  the  drum  frequently  blown  out. 


BOILER  SAFETY  DEVICES 


SAFETY    VALVES 

6.  The  safety  valve  is  a  device  attached  to  the  boiler  to 
prevent  the  steam  pressure  from  rising  above  a  certain  point. 
It  consists  simply  of  a  plate,  or  disk,  fitting  over  a  hole  in 
the  boiler  shell,  and  held  to  its  place  in  one  of  three  ways: 
(1)  By  a  dead  weight;  (2)  by  a  weight  on  a  lever;  (3)  by  a 
spring. 

The  weight  or  spring  is  so  adjusted  that  when  the  steam 
reaches  the  desired  pressure  the  disk  is  raised  from  its  seat, 
and  the  surplus  steam  escapes  through  the  opening  in 
the   shell. 

6.  The  dead-welprlit  safety  valve,  in  modern  practice, 
is  used  only  for  low-pressure  boilers.  It  has  the  advantage 
of  simplicity  and  compactness,  and  cannot  readily  be  tam- 
pered with.    The  construction  of  a  modern  dead-weight  safety 
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valve  is  shown  in  Fig.  L  It  consists  of  a  shell  a  screwed  in 
the  top  of  the  boiler,  the  upper  part  forming  the  valve  seat. 
The  cap  ^,  which  is  perforated  to  allow  the 
steam  to  escape,  forms  the  guide  for  the  valve 
stem  c.  The  valve  disk  d  closes  the  open- 
ing. The  dead  weight  resisting  the  steam 
pressure  consists  of  the  ball  e  and  the 
weight  of  the  valve  and  stem,  and  this  dead 
r^[  '  1  weight  is  such  that  the  valve  will  raise  off 
■""^  ■  '^  ^  its  seatj  as  shown  in  the  illustration,  when 
the  steam  pressure  exceeds  10  pounds  per 
square  inch.  On  special  order,  valves  of  the 
form  shown  can  be  obtained  weighted  for 
other  pressures  than  10  pounds. 

7»     A  lever  safety  valve  is  shown  in 

Fig.  2.     The  steam  from  the  boiler  enters 

at  S  and   escapes    at   J^   when   the   steam 

Fir..  1  pressure  is  sufficient  to  raise  the  valve  F  off 

its  seat.     The  valve  is  held  to  its  seat  by  the  weight  W 

hung  from  the  lever  L.     The  load  on  the  valve  is  changed 
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by  shifting  the  weight  along  the  lever.     Notches  are  cut  into 
the  lever,  and  figures  stamped  below  the  notches  indicate  the 
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blowing-oflE  pressure,  in  pounds  per  square  inch,  when  the 
weight  is  hung  in  the  notch  above  the  figures. 

8.  A  sprints-loaded  safety  valve  is  shown  in  Fig.  3. 
The  valve  a  is  held  down  by  a  helical  spring  by  the  tension 
of  which  can  be  altered  by  the  screw-cap  c.  When  the  boiler 
pressure  rises  sufficiently  to  lift  the  valve,  the  steam  escapes 
into  the  chamber  d  and  thence 
through  a  pipe  attached  at  e  to 
the  atmosphere.  Owing  to  the 
abrupt  manner  in  which  the  valve 
opens  and  closes,  it  is  often  called 
a  pop  safety  valve. 

Spring-loaded  safety  valves  are 
adjusted  to  the  blowing-off  pres- 
sure desired  by  getting  up  a  steam 
pressure  in  the  boiler  to  which  they 
are  attached.  When  the  steam 
gauge  indicates  the  desired  blow- 
ing-oflE pressure,  the  tension  of  the 
spring  is  decreased  until  the  valve 
opens. 

Dead-weight  and  lever  safety 
valves  do  not  open  fully  until  the 
pressure  in  the  boiler  exceeds,  by 
several  pounds,  the  pressure  the 
valve  is  set  for.  Pop  valves,  how- 
ever, operate  promptly,  and  close 
just  as  promptly,  and  for  this 
reason  are  deservedly  preferred, 
f erring  the  spiing  valve  to  all  other  kinds  is  the  facility  with 
which  it  can  be  enclosed  in  a  case  and  locked  up,  so  as  to 
prevent  all  changing  or  tampering  by  unauthorized  persons. 

9.  The  area  of  a  safety  valve  should  be  large  enough  to 
discharge  the  steam  as  rapidly  as  the  boiler  can  generate  it. 
The  size  of  the  valve  relative  to  the  size  of  boiler  and  work- 
ing pressure  is  prescribed  by  law  in  many  localities,  and 
must  be  made  to  conform  to  the  law  wherever  such  law  is  in 
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Another  reason  for  pre- 
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existence.  In  localities  having  no  law  governing  this  mat- 
ter, the  size  of  the  safety  valve  may  be  calculated  by  the  rule 
prescribed  by  the  Bureau  of  Steam  Boiler  Inspection  of  the 
city  of  Philadelphia,  Pennsylvania,  which  rule  is  also  used 
by  the  Hartford  Steam  Boiler  Inspection  and  Insurance 
Company.  Many  other  rules  diflEering  widely  in  their 
results  are  in  use,  but  the  rule  here  given  has  stood  the 
test  of  time,  and  is  unqualifiedly  indorsed  for  boilers  work- 
ing under  natural  draft. 

Rule. — To  find  the  area  of  a  safety  valve^  in  square  inches, 
multiply  the  grate  surface  of  the  boiler,  in  square  feet,  by  22.5. 
Divide  the  product  by  the  sum  of  the  gauge  pressure  it  is  proposed 
to  carry,  in  pounds  per  square  inch,  and  8.62, 

Or  A  =  J2A^ 

P  -h  8.62 

where  A  =  area  of  safety  valve,  in  square  inches; 
G  =  grate  surface,  in  square  feet; 
P  =  gauge  pressure,  in  pounds  per  square  inch. 

Example.— What  area  of  safety  valve  is  required  for  a  boiler 
having  a  grate  surface  of  24  square  feet  and  that  is  to  carry  a  pres- 
sure of  70  pounds  per  square  inch? 

Solution. — Applying  the  rule  just  given, 

24  X  '^'^  5 
^^  =  70T"S-62  =  ^-^'"^-*'^-     ^°"- 

10.  It  is  common  practice  in  some  localities  to  connect 
a  pipe  to  the  blow-off  side  of  the  safety  valve  for  the  pur- 
pose of  carrying  the  steam  blown  off  to  the  outside  of  the 
building.  Such  an  escape  pipe,  while  harmless  enough 
when  of  sufficient  area  and  kept  well  drained,  may  become 
a  source  of  danger  if  no  provision  is  made  for  draining  it 
constantly.  Instances  are  not  rare  where,  owing  to  the 
absence  of  a  drain  pipe,  the  escape  pipe  has  become  filled 
with  water,  thus  adding  greatly  to  the  external  force  on  the 
valve  and  rendering  it  inoperative  for  the  blow-off  pressure 
for  which  it  was  set.  When  an  escape  pipe  is  used  at  all, 
it  should  not  be  of  smaller  diameter  than  the  valve,  and 
should  have  a  drain  pipe  of  ample  size  at  its  lowest  point. 


§26 


BOILER  FITTINGS 


No  coek  or  valve  should  under  any  circumstances  be  placed 
in  this  drain  pipe, 

1 1 .  Safety  valves  should  in  all  cases  be  attached  to  the 
boiler  in  such  a  manner  that  it  is  an  absolute  impossibility 
to  shut  ofif  connection  l^etween  the  boiler  and  its  safety 
valve.  They  should  be  fitted  with  a  chain,  leading  to  some 
convenient  spot,  for  raising  the  valve  oflf  Its  seat.  Spring- 
loaded  safety  valves  usually  have  a  bell-crank  lever,  as  /, 
Fig*  3>  to  which  the  chain  is  attached. 


STEAM    GAUGE 

13,  The  stoani  nunijre  indicates  the  pressure  of  the 
steam  contained  in  the  boiler.  The  most  common  form 
is  the  Bourdon  pressure  gauge ^  the  distinguishing  feature  of 
which  is  a  bent  elliptical  tube  tending  to  straighten  out 
under  an  internal 
pressure*  Bourdon 
pressure  gauges  are 
made  in  various 
ways  by  the  different 
manufacturers;  a 
very  common  desiga 
is  shown  in  Fig;  4. 
It  consists  of  a  tube 
a,  of  elliptical  cross- 
ction,  that  is  filled 
rith  water  and  con- 
nected at  b  with  a 
pipe  leading  to  the 
boiler.  The  two 
ends,  as  f ,  are  closed 
and  are  attached  to 
a  link  d^  which  is,  in 
mm,  connected  with  a  quadrant  r;  this  quadrant  gears  with 
a  pinion  /  on  the  axis  of  the  index  pointer  g.  When  the 
water  contained  in  the  elliptical  tube  is  subjected  to  pressure, 
the  tube  tends  to  take  a  circular  formi  and,  as  a  whole^ 
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straightens  out,  throwing  out  the  free  ends  a  distance  pro- 
portional to  the  pressure.  The  movement  of  the  free  ends 
is  transmitted  to  the  pointer  by  the  link,  rack,  and  pinion, 
and  the  pressure  is  thus  recorded  on  a  graduated  dial  in 
front,  which  has  been  removed  in  order  to  show  the 
mechanism. 

Pressure  gauges  for  indicating  steam  pressure  are  invari- 
ably graduated  to  indicate  pressure,  in  pounds  per  square 
inch,  wherever  the  English  system  of  weights  and  measures 
is  used,  and  show  how  much  the  pressure  has  been  increased 
above  the  atmospheric  pressure. 


Fig.  5 
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13.  The  gauge  should  be  connected  to  the  boiler  in  such 
a  manner  that  it  will  neither  be  injured  by  heat  nor  indicate 
a  wrong  pressure.  To  prevent  injury  from  heat,  a  so-called 
siphon,  which  may  be  made  as  shown  at  a  or  b^  Fig.  6,  is 
usually  placed  between  the  gauge  and  the  boiler.  This  siphon 
in  a  short  time  becomes  filled  with  condensed  steam  that  pro- 
tects the  spring  of  the  gauge  from  the  injury-  the  hot  steam 
would  cause.  Care  should  be  taken  not  to  locate  the  steam- 
gauge  pipe  near  the  main  steam  outlet  of  the  boiler,  since 
this  may  cause  the  gauge  to  indicate  a  lower  pressure  than 
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really  exists.  In  locating  the  steam  gauge,  care  must  also 
be  taken  not  to  run  the  connecting  pipe  in  such  a  manner 
that  the  accumulation  of  water  in  it  will  cause  an  extra  pres- 
sure to  be  shown. 

The  gauge  connections  shown  in  Fig.  5  cannot  be  drained 
without  disconnecting  them.  To  obviate  this  drawback, 
the  gauge  may  be  connected  as  shown  in  Fig.  6,  placing 
a  petcock  a  at  the  lowest  point. 


GLASS    WATER    GAUGES 

14.  The  sauf^e  @:lass  is  a  glass  tube  whose  lower  end 
communicates  with  the  water  space  of  the  boiler  and  whose 
upper  end  is  in  communication  with  the  steam  space. 
Hence,  the  level  of  the  water  in  the  gauge 
should  be  the  same  as  in  the  boiler. 

Fig.  7  shows  a  common  form  of  gauge- 
glass  connection.  The  lower  fitting  connects 
with  the  water  space,  and  the  upper  fitting 
with  the  steam  space,  of  the  boiler.  A  drip 
cock  is  placed  at  the  lower  end  of  the  glass 
for  the  purpose  of  draining  it.  Two  brass 
rods  tend  to  protect  the  gauge  glass  against 
accidental  breakage.  The  fittings  may  be 
screwed  directly  into  the  boiler.  The  gauge 
should  be  so  located  that  the  water  will  show 
in  the  middle  of  the  gauge  glass  when  at  its 
proper  level  in  the  boiler.  Both  fittings  have 
compression  valves,  by  means  of  which  com- 
munication with  the  boiler  can  be  shut  off  in 
case  the  gauge  glass  breaks. 

15.  Owing  to  the  danger  of  scalding  the 
hands  and  face  that  is  incurred  by  shutting 
off  the  valves,  and  also  to  prevent  the  loss 
of  steam  and  water,  it  is  desirable  for  high-pressure  work 
to  have  water  gauges  that  will  automatically  shut  off  com- 
munication with  the  boiler  whenever  the  gauge  glass 
breaks.     There  are  many  designs  of  such  water  gauges  on 
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the  market,  one  of  which,  typical  of  the  others,  is  showa 
in  Fig*  8,  A  ball  is  placed  within  the  shank  of  each  fitting, 
as  sho\^Ti,  and  is  prevented  from  falling  out  by  a  brass  pin* 
Should  the  gauge  glass  break,  the  outroshing  steam  and 
water  carry  the  balls  forwards  and  thus  close  the  openings 
leading  to  the  gauge  glass*  While  the 
balls  may  not  shut  off  the  steam  and 
water  entirely,  they  will  check  the  out- 
flow sufficiently  to  permit  the  valves  to 
be  closed  without  danger* 

16,  To  obviate  the  danger  of  scald- 
ing the  hands,  the  *'/",  B.  H:'  gukk- 
ciming  waier  gauge  has  been  placed  on 


i 


Fiti,  « 


Fig*  3 


the  mark  el-  In  this,  as  shown  in  Fig*  9,  a  two-anned  lever  is 
placed  on  each  valve  stem*  Chains  arc  led  from  the  ends  of 
the  levers  to  some  safe  point,  and  the  valves  are  opened  and 

closed  by  pulling  the  chains* 

17*    Glass  water  gauges  connected  directly  to  the  boiler 
are  open  to  the  objection  that  the  violent  ebullition  at  the 
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surface  of  the  water  will  cause  them  to  indicate  a  wrong 
water  level.  To  overcome  this  objection,  they  are  frequently 
placed  on  a  separate  fitting  known  as  a  water  column,  which 
consists  of  a  large  hollow  tube  with  its  ends  connecting  with 
the  steam  and  water  spaces  of  the  boiler  far  enough  above 
and  below  the  wnter  level  to  be.  out  of  reach  of  the  violent 
ebullition  of  the  surface  of  the  water. 


GAUGE-COCKS 

18.  A  prau^e-cock  is  a  simple  cock  or  valve  attached 
either  directly  to  the  boiler  or,  preferably,  to  a  water  column 
for  the  purpose  of  testing  the  level  of  the  water  in  the  boiler. 
Three  gauge-cocks  are  generally  employed.  The  lowest 
is  placed  at  the  lowest  level  that  the  water  may  safely 
attain,  and  the  uppermost  at  the  highest  desirable  level. 
The  third  cock  is  placed  midway  between  the  other  two. 
On  opening  a  cock  above  the  water  level,  steam  will  issue 
forth,  and  on  opening  one  below  the  water  level,  v^ter  will 
appear.  Hence,  the  level  may  be  easily  located  by  opening 
the  cocks  in  succession. 

19.  The  gauge-cocks  most  commonly  used  are  of  the 
compression  type.  Such  a  cock,  with  a  wooden  hand  wheel,  is 
shown  in  Fig.  10.  It  consists  of  a  brass  body  a  having  a 
threaded  shank  for  attaching  it  to  the  boiler  or  water 
column.  The  seat  within 
the  body  is  closed  by  the 
end  of  the  threaded  valve 
stem  b.  The  steam  or  water 
issues  from  the  nozzle  c 
when  the  cock  is  open. 

Compression  gauge-cocks 
can  be  obtained  with  a  lever  Fig.  lo 

handle  in  the  form  of  a  crank.  Such  cocks  can  be  operated 
from  a  distance  by  means  of  a  rod.  In  some  designs  the 
valve  is  held  to  its  seat  by  a  strong  spring,  which  automat- 
ically closes  the  valve  the  moment  the  hand  releases  it. 
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20,     A  \veig:bted    gauge-cock,  known  to  the  trade  as  a 
Register  pattern  emk,  is  shown  in  Fig.  11.     It  consists  of  a 

body  a  having  a  threaded  shank  for 
attaching  it  to  the  boiler  or  water 
column.  The  weight  b  is  pivoted 
at  r  to  the  body,  and  when  down 
presses  a  strip  d  of  soft-rubber  pack- 
ing against  the  face  of  the  opening 
at  €\  The  cock  is  opened  by  lifting 
the  weight  slightly,  and  the  issuing 
steam  or  water  is  deflected  down- 
wards by  the  curved  end  wall  of  the 
slot.  In  order  to  show  the  construc- 
tion clearly,  the  weight  is  shown 
^^^  ^1  raised  to  the  full  limit.    The  strip  of 

soft-rubber  packing  is  simply  pushed  through  two  xspposite 
slots.  It  must  be  renewed  qnite  frequently,  as  it  rots  under 
the  high  temperature  to  which  it  is  subjected. 


WATER    COLUMNS 

21.  A  common  form  of  Tirater  colunin   is  shown   in 

Fig,  12*  It  consists  of  a  hexagonal  cast-iron  stand  pipe  a 
tapped  on  top  and  bottom  for  pipe  connections  to  the  boiler. 
Tapped  bosses  are  provided,  which  receive  the  threaded 
shanks  of  the  gauge-glass  fittings  h,  b  and  the  gauge- 
cocks  f,  f,  ^.  Each  maker  has  his  own  style  of  stand  pipe,  the 
different  makes  varying  chiefly  in  the  ornamentation.  The 
steam  gauge  is  frequently  mounted  on  top  of  the  water  column* 

22.  The  connection  to  the  boiler  should  be  made  with 
a  T  on  top  and  a  cross  on  the  bottom »  as  shown,  plugging 
up  the  unused  openings  with  brass  plugs.  If  the  connec- 
tions are  made  in  this  manner^  they  can  be  cleaned  with  a 
rod  when  the  plugs  are  unscrewed.  A  drain  pipe  d  with  a 
valve  in  it,  and  leading  to  the  ash-pit,  should  always  be  pro- 
vided for  the  stand  pipe,  and  should  be  frequently  used  for 
blowing  out  sediment  collecting  in  the  stand  pipe.  For  low* 
pressure  boilers*  no  valves   need   be  placed    in   the 
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leading  to  the  steam  and  water  spaces  of  the  boiler;  for 
high-pressure  boilers,  however,  valves  should  always  be  pro- 
vided. These  valves  are  used  in  blowing  out  the  stand  pipe 
and  connections.  Closing  the 
valve  in  the  upper  pipe  and 
opening  the  valve  in  the  drain 
pipe  blows  out  the  lower  pipe; 
closing  the  valve  in  the  lower 
pipe  and  opening  the  valve  in 
the  drain  pipe  blows  out  the 
upper  pipe  and  the  stand  pipe. 

23.  Fig.  13  illustrates  how 
a  steam  gauge  N  may  be  at- 
tached to  the  water  column  by 
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means  of  a  siphon  P  made  from  ordinary  brass  pipes  and 
fittings.  The  stand  pipe  H  carries  on  one  side  the  upper 
fitting  L  and  lower  fitting  M  for  the  gauge  glass  h,  and  at 


14 


BOILER  FITTINGS 


§26 


right  ans^les  to  this  gauge  the  three  gaug^e-cocks  /,/,  and  k. 
The  pipe  /  leads  to  the  steam  space  of  the  boiler  and  the 
pipe  J  to  the  water  space.  A  drain  pipe  A^  is  attached  to 
the  cross  shown.  The  arrangement  illustrated  is'  recom- 
mended by  the  Hartford  Steam  Boiler  Inspection  and 
Insurance   Company. 


LOW-    AND    HIGH-WATER    ALaARMS 

24.     In  large  heating  and  power  plants  a  device  is  often 
attached  to  the  boiler  that  will  give  an  audible  warning, 

usually  by  blowing  a  whistle, 
of  a  shortage  or  surplus  of 
water.  Devices  that  will  indi- 
cate a  shortage  of  water  are 
called  low^-w^ater  alarms; 
those  that  indicate  both  a 
shortage  or  a  surplus  of 
water  are  called  higrh-  and 
low-w^ater  alarms. 

25.  In  purely  low-water 
alarms,  the  whistle  may  be 
sounded  by  the  melting  of  a 
fusible  plug,  which,  through 
the  falling  of  the  water  level 
in  a  separate  chamber  out- 
side of  the  boiler,  is  brought 
in  contact  with  the  steam. 
Fusible-plug  alarms  are  cheap 
and  easily  applied;  they  are 
rather  unreliable,  however, 
because  of  their  liability  to 
become  incrusted  with  scale. 
Y^  Alarms    depending    on    the 

melting    of    a    fusible    plug 
should  never   be  applied  to 
low-pressure  boilers,  since  the  temperature  of  the  steam  in 
them  i«  insuflficicnt  to  quickly  melt  the  plug. 
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26.  Most  low-water  alarms  employ  a  float  operating  a 
valve  leading  to  a  steam  whistle,  the  float  being  buoyed  up 
by  the  water.  Their  construction  is  so  similar  to  that  of 
high-and-low  water  alarms  that  illustrations  of  them  would 
only  be  duplications  of  the  latter. 

27.  The  Reliance  high-and-low  water  alarm  is  shown  in 
Fig.  14.  The  device  consists  of  two  hollow  floats  a^b 
suspended  from  the  bell-cranks  c,d.  To  the  short  arm  of 
each  bell-crank  is  attached  the  valve  stem  of  a  small  valve, 
there  being  one  valve  for  each  float.  These  valves  serve  to 
put  the  steam  space  of  the  water  column  in  communication 
with  the  alarm  whistle  e.  In  this  particular  design,  a  sedi- 
ment chamber  /  is  formed  at  the  bottom  of  the  column  and 
collects  all  foreign  matter  that  settles  from  the  water.  The 
water-column  drain  is  connected  to  the  settling  chamber. 
When  the  water  is  at  its  proper  level,  the  float  b  is  surrounded 
by  water  and,  being  hollow,  is  pressed  upwards;  this  keeps 
the  upper  whistle  valve  closed.  Let  the  water  become  low 
in  the  column  so  as  to  begin  to  uncover  the  float.  Then,  the 
upward  pressure  due  to  the  buoyant  effect  of  the  water  gradu- 
ally diminishes  and  finally  will  become  so  small  that  the  float 
will  descend,  thus  opening  the  upper  whistle  valve  and 
sounding  the  alarm.  The  high-water  alarm  float  a  keeps  the 
lower  whistle  valve  closed  by  the  weight  of  the  float.  When 
the  water  rises,  the  float  is  carried  upwards,  the  lower  whistle 
valve  is  opened,  and  the  alarm  sounded. 

28.  Low-water  alarms  depending  on  the  difference  in 
expansion  of  different  metals  for  actuating  a  whistle  valve  or 
electric  bell  have  been  used  occasionally  and  are  on  the 
market;  they  have  not  found  much  favor,  however,  chiefly 
on  account  of  being  too  delicate. 


STEAM    WHISTLE 

29.  While  the  steam  whistle  is  not  essentially  a  boiler 
safety  device,  yet  the  fact  of  its  being  used  in  connection 
with  low-  and  high-water  alarms,  besides  being  used  for 
signaling  ptuposes,  warrants  a  description  of  its  principle  of 


16 


BOILER  FITTINGS 


§26 


action  in  connection  with  the  subject  of  safety  devices.  Two 
of  the  most  common  constructions,  as  used  for  sig^naling:, 
are  shown  in  Figs.  15  and  16.  The  bell,  as  shown  in  Fig.  15, 
is  a  hollow  cylinder  closed  at  the  top  and  open  at  the  bottom, 
and  is  held  in  position  by  a  stud  that  passes  through  the 
center  and  is  secured  at  the  upper  end  by  means  of  a  screw 
and  jam  nut.  The  hollow  base  has  a  narrow  circular  orifice 
that  communicates  with  the  steam  pipe  and  valve.  As  the 
steam  rushes  out  of  the  orifice  in  an  upward  direction,  toward 
the  mouth  of  the  bell,  it  slightly  compresses  the  air  contained 
in  the  bell.  The  air  being  elastic  will  not  retain  a  fixed  or 
stationary  position,  but  will  slightly  spring  back  toward  the 
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inrushing  steam,  where  it  is  again  forced  back  in  a  com- 
pressed state,  causing  a  vibration  of  the  air  and  steam. 
These  vibrations  continue  so  long  as  steam  is  permitted  to 
flow,  and  are  communicated  to  the  surrounding  atmosphere, 
thus  producing  sound. 

The  tone  may  be  changed  to  a  higher  pitch  by  lowering, 
or  to  a  lower  pitch  by  raising,  the  bell.  This  may  be  done 
bv  loosening  the  jam  nut  and  turning  the  bell  up  or  down, 
after  which  the  nut  should  he  again  tightened. 

Whistles  are  also  constructed  to  produce  two  or  more  tones 
of  different  pitch   simultaneously  by  dividing  the  bell  into 
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two  or  more  cell-like  parts,  as  shown  in  Fig.  16.  Each 
apartment  produces  a  different  tone,  and  when  these  tones 
chord  perfectly,  the  effect  is  quite  pleasing. 

30.  In  manufacturing  establishments,  the  whistle  for 
signaling  is  usually  located  on  the  roof;  that  is,  at  a  con- 
siderable distance  above  the  boiler.  In  order  to  prevent  this 
long  pipe  becoming  filled  with  water,  it  is  advisable  to  fit  a 
small  drain  pipe  and  valve  directly  above  the  stop-valve  in 
the  whistle  pipe,  which  is  placed  close  to  the  boiler.  At 
night,  the  steam  may  be  shut  off  from  the  whistle  and  the 
drain  valve  opened.  

FUSIBLE    PLUGS 

31.  A  fusible  plnii:  is  a  device  that,  by  the  melting  of  its 
filling  when  exposed  to  an  undue  temperature,  gives  warning 
of  low  water  in  the  boiler.  In  many  places,  fusible  plugs 
are  required  by  law  to  be  attached  to  all  high-pressure  boilers, 
whether  used  for  power  or  heating  purposes.  While  they 
are  sometimes  fitted  to  low-pressure  boilers,  they  are  worth- 
less where  so  used,  since  the  filling  of  the  ordinary  commercial 
plugs  does  not  melt  at  the  temperature  corresponding  to  the 
low  steam  pressure  carried. 

32.  The  ordinary  fusible  plug  in  common  use  is  shown 
in  section  in  Fig.  17.  It  consists  of  a  brass  or  iron  shell 
threaded  on  the  outside  with  a  standard  pipe  thread.  The 
plug  has  a  conical  filling,  the  larger  end  of  the  filling  receiv- 
ing the  steam  pressure.  The  conical  form  of 
the  filling  prevents  its  being  blown  out  by  the 
pressure  of  the  steam. 

The  plug  filling  is  either  an  alloy  of  lead,  tin, 
and  bismuth,  or  pure  Banca  tin.     As  long  as 
the  plug  is  well  covered  with  water,  it  is  kept 
from   melting   by    the   water,   but   should   the 
water   sink   low   enough    to   uncover   the   plug,   it   quickly 
melts  and  allows    the   steam    and   water   to  rush  into  the 
furnace,  thus   giving  warning  of  low  water   by  the  noise 
produced. 
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33.  A  form  of  plug  especially  adapted  to  internally  fired 
boilers  of  the  locomotive  type  is  shown  in  Fig.  18.    The  plug  a 

is  screwed  into  the  crown 
sheet  h,  and  the  fusible  cap  c 
is  laid  on  top  of  it  and  kept 
in  place  by  the  nut  d.  A 
very  thin  copper  cup  e  is 
placed  over  the  top  of  the 
cap  c  to  protect  it  from  any 
chemical  action  of  the  water. 
The  top  of  the  cap  extends 
from  li  to  2  inches  above 
the  crown  sheet,  so  that 
when  it  melts»  on  account  of 
the  water  being  too  low, 
there  will  still  be  enough  water  left  to  protect  the  sheet  from 
being  overheated,  or  burned,  as  it  is  often  called. 

34.  In  horizontal  return-tubular  boilers,  the  plug  is 
usually  placed  in  the  back  head  3  inches  above  the  upper 
row  of  tubes.  In  flue  boilers  of  the  two-flue  type,  one  plug 
is  screwed  in  each  flue  at  its  highest  point,  or  in  the  back 
head  at  a  level  about  2  or  3  inches  above  the  top  of  the  flues. 
The  latter  practice  is  considered  the  better,  since  it  will  give 
warning  of  shortness  of  water  before  the  flues  become 
uncovered.  In  firebox  boilers,  the  plug  is  screwed  into  the 
highest  point  of  the  crown  sheet.  In  vertical  boilers,  it  is 
usually  screwed  into  one  of  the  tubes  about  2  inches  below 
the  lowest  gauge-cock.  In  water-tube  boilers,  it  is  located 
usually  in  the  shell  of  the  steam  drum.  In  general,  it  should 
be  so  located  that  it  will  prevent,  by  the  warning  it  gives, 
the  overheating  of  the  parts  within  the  fire-line. 


STEAM-DRYING     DEVICES 

35.  When  horizontal  return-tubular  boilers  are  installed 
in  the  basements  of  buildings,  there  is  rarely  sufficient  head- 
room for  a  steam  drum  or  steam  dome.  Furthermore,  the 
value  of  these  two  steam  receptacles,  so  far  as  insuring  a 
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drying  of  the  steam  is  concerned,  is  problematical  at  best. 
It  is  the  tendency  today  to  discard  steam  domes  and  steam 
drums,  installing  slightly  larger  boilers  in  order  to  get  the 
steam  space,  and  fitting  inside  of  them  some  form  of  dry  pipe 
to  insure  dry  steam.  A  dry  pipe,  as  is  apparent  from  the 
statement  just  made,  is  a  device  for  removing  moisture  from 
the  steam  before  it  leaves  the  boiler.  Dry  pipes  are  today 
fitted  to  all  types  of  power  boilers,  if  so  ordered. 

36.  One  of  the  simplest  forms  of  dry  pipe  is  known  as 
the  Worihen  dry  pipe.  It  is  not  strictly  a  dry  pipe,  but  a 
baffle  plate.  As  shown  in  Fig.  19,  it  is  a  trough  a  made  of 
light  sheet  iron,  and  extends  from  the  front  to  the  rear  head 
of  the  boiler.  The 
steam  rising  from  the 
surface  of  the  water  is 
forced  by  the  trough  to 
change  its  direction  of 
flow  before  entering  the 
outlet  pipe  h,  and  is 
supposed  to  deposit  its 
moisture  in  the  trough,  ^^<5-  ^^ 

whence  it  drains  back  into  the  water.  While  this  drying 
device  undoubtedly  takes  out  some  moisture  if  the  steam  is 
very  wet,  it  cannot  be  claimed  to  be  particularly  efficient. 
It  is  better,  however,  than  no  provision  at  all  for  drying. 

37.  A  quite  efficient,  simple,  and  much-used  form  of  dry 
pipe  is  shown  in  Fig.  20.  It  is  made  from  a  T  a,  which  is 
attached  to  the  steam  outlet  by  a  nipple,  and  two  pipes  ^,  ^, 
slotted  on  top  and  having  their  ends  closed  by  caps  c,  c.  The 
steam  enters  through  the  slots  on  top,  and,  striking  against 
the  bottom  of  the  pipe,  deposits  the  water  globules.  The 
water  collecting  in  the  dry  pipe  drains  back  into  the  water 
space  through  drip  pipes  d,  d.  The  combined  area  of  the 
slots  should  be  about  one-third  greater  than  the  area  of  the 
outlet  pipe  e, 

38.  The  Potter  steam-drying  device,  or  mesh  sepa- 
rator, is  placed  within  the  boiler.     It  consists  of  a  circular 
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chamber  with  its  axis  horizontal;  one  end  is  connected  to  the 
steam  outlet  pipe.  The  chamber  contains  a  number  of  brass- 
wire  mesh  screens  through  which  the  steam  is  constrained  to 
flow  in  succession.  On  being  dashed  against  these  screens, 
the  water  globules  adhere  to  them  and  trickle  down  to  the 
bottom  of  the  chamber,  whence  the  water  is  drained  back  to 
the  water  space  through  a  drip  pipe. 
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Fig.  20 

39.  The  De  Rycke  steam-drying  apparatus,  shown  in 
Fig.  21  as  applied  to  the  inside  of  a  steam  drum  of  a  water- 
tube  boiler,  consists  of  a  combination  of  two  dry  pipes  a,  a, 
with  two  centrifugal  steam  separators  ^,  b.  The  steam  enters 
the  two  dry  pipes  through  the  slots  on  top  and  deposits  some 
of  its  moisture  on  the  sloping  bottom,  whence  it  flows  toward 
the  receiving  chamber  r.  The  steam  passes  from  the  dry 
pipes  into  the  separators,  where  it  is  given  a  spiral  motion 
by  the  curved  vanes  shown.  The  centrifugal  force  gener- 
ated throws  the  entrained  water  against  the  sides  of  the 
separators,  whence  it  drains  to  the  sloping  bottom  and  into 
the  receiving  chamber,  from  which  it  is  conveyed  by  a  drip 
pipe  d  to  the  water  space.  A  number  of  small  holes  are 
drilled  through  d  at  e  to  admit  steam  from  the  steam  space 
of  the  boiler  directly  to  the  drip  pipe;  this  insures  equal 
pressures  inside  and  outside  of  the  drip  pipe,  in  consequence 
of  which  there  is  no  danger  of  water  being  forced  into  c. 
While  the  boiler  is  not  delivering  any  steam,  i.  e.,  when 
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the  main-stop  valve  is 
closed,  the  pressures  in  c 
and  in  the  steam  space 
of  the  boiler  are  equal; 
when  the  stop-valve  is 
suddenly  opened,  how- 
ever, the  current  of 
steam  flowing  rapidly 
through  the  separator 
tends  to  create  a  lower 
pressure  in  c  than  exists 
in  the  steam  space  by 
sucking  the  steam  from 
r,  as  it  were.  This  tend- 
ency is  overcome  by  ad- 
mitting steam  through 
the  holes  in  d.  With 
steady  running  this  tend- 
ency does  not  exist. 

40.  In  horizontal 
boilers  the  ebullition  at 
the  surface  of  the  water 
is  especially  noticeable 
at  the  sides,  the  water 
being  carried  up  for 
some  distance  partly  by 
the  ebullition  and  partly 
by  capillary  attraction. 
The  ascending  steam  is 
liable  to  pick  up  the 
drops  of  water  hanging 
to  the  boiler  shell  and 
thus  become  moist.  To 
prevent  the  water  from 
creeping  up  on  the 
sides  to  any  great  ex- 
tent, so-called  bnffh'rs 
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are  occasionally  fitted.  These  are  angle  irons  extending 
the  whole  length  of  the  boiler  directly  above  the  water-line, 
and  riveted  to  the  shell.  It  is  rather  doubtful  whether  their 
use  has  an  appreciable  influence  on  keeping  the  steam  dry. 


FEEDING  AND  CliBANING  APPARATUS 


.      FEKDPIPING 

41.  The  pipe  system  through  which  a  boiler  or  boiler 
plant  receives  its  water  supply  may  be  divided  into  two  parts: 
the  external  system  and  the  internal  system. 

The  external  system  comprises  the  piping  required  to  take 
the  feedwater  from  its  source  of  supply  and  deliver  it  at  the 
boiler.  The  internal  system  consists  of  the  pipes  leading 
from  the  outside  of  the  boiler  to  the  point  of  delivery. 

42.  The  external  feed  system  comprises  the  suction 
pipe  of  the  feed-pump  or  injector  and  the  delivery  pipes  or 
feedpipes  that  deliver  and  distribute  the  water  to  the  differ- 
ent boilers.  As  to  the  arrangement  of  the  suction  pipes, 
they  should  be  as  short  and  free  from  bends  as  it  is  possible 
to  make  them,  especially  when  the  water  must^  be  lifted 
some  distance  from  a  well  or  similar  source  of  supply.  In 
general,  it  is  very  difificult  to  lift  water  to  a  greater  height 
than  24  feet  at  sea  level,  unless  the  pump  is  in  excellent 
condition;  if  the  water  must  be  lifted  higher,  it  is  usually 
better  to  locate  the  pump  farther  down,  excavating  for  it  if 
necessary.  The  suction  pipes  should  also  be  perfectly  air- 
tight. When  the  feedwater  is  taken  from  a '  city  water 
supply,  it  usually  comes  to  the  pump  or  injector  under  some 
pressure;  the  feed  apparatus  can  then  be  located  where  most 
convenient. 

43.  The  arrangetnent  of  the  feedpipes  naturally  depends 
on  the  number  of  boilers  to  be  supplied  by  the  feed  appa- 
ratus and  on  the  extent  to  which  the  pump  or  injector  is 
required  to  supply  water  to  any  one  or  all  of  several  boilers. 
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A  good  piping  arrangement  for  a  horizontal  return-tubular 
boiler  is  shown  in  Fig.  22  in  diagrammatic  form.  The  feed- 
pipe enters  the  front  boiler  head  in  the  middle,  directly  above 
the  top  row  of  tubes.  An  elbow  is  placed  at  a,  and  the  pipe 
is  carried  through  the  setting,  a  cross  being  placed  at  b. 
The  pipe  is  now  dropped  sufficiently  low  to  bring  the  stop- 
valve  c  into  a  convenient  position.  A  cross  is  placed  at  d. 
A  check-valve  e,  preferably  of  the  horizontal  swing-check 
pattern,  prevents  the  return  of  the  feedwater.     Beyond  the 
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check-valve  the  pipe  may  be  run  as  considered  most  con- 
venient to  reach  the  boiler  feeder.  The  openings  in  the 
crosses  b  and  dy  and  in  the  T  /,  opposite  the  pipes,  are  closed 
by  brass  plugs.  On  removing  these  plugs,  the  pipes  can  be 
cleared  of  sediment  by  running  a  rod  through  them. 

Where  feedpiping  passes  through  the  wall  of  the  set- 
ting, or  is  exposed  to  the  gases  of  combustion,  extra 
heavy  piping  and  fittings  or  brass  piping  and  brass  fittings 
should  be  used. 

44.  In  Fig.  23  is  shown  an  ordinary  method  of  arranging 
the  feedpipes  where  two  boilers  are  supplied  by  the  same 
boiler  feeder.  The  main  pipe  PP  running  along  the  front 
of  the  boilers  receives  the  feedwater  discharged  from  the 
boiler  feeder.  Each  boiler  is  supplied  by  a  branch  from 
the  pipe  P,  entering  the  front  head  C  Each  of  these  branches 
is  provided  with  a  stop-valve  A  and  a  check-valve  B,  The 
stop-valve   shuts  oflE  the  water  from  the  boiler,  while  the 
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check-valve  allows  the  water  to  enter  when  the  stop-valve  is 
open,  but  prevents  its  return. 

The  stop-valve  should  always  be  placed  nearest  the  boiler, 
thus  allowing  the  check-valve  to  be  examined  and  repaired 
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without  shutting  down  the  boiler.  With  the  arrangement  of 
feedpiping  shown,  the  feedwater  can  be  delivered  simultane- 
ously to  both  boilers  or  to  either  boiler  separately. 

45.     An  arrangement  of  feedpiping  for  a  plant  having  six 
boilers  in  two  batteries,  and  two  independent  feed-pumps,  is 
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shown  in  diagrammatic  form  in  Fig.  24.  Both  of  the  feed- 
pumps shown  at  A  and  /?  are  connected  to  the  main  feed- 
pipe Af.     This  pipe  has  six  branches,  as  D,  Z>,  one  for  each 
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boiler.  Each  branch  pipe  has  its  own  stop-valve  E  and 
check-valve  F.  There  are  two  valves  in  the  main  feedpipe, 
one  between  each  pump  and  the  nearest  branch  pipe.  With 
this  arrangement,  either  or  both  pumps  may  be  used  for  any 
or  all  boilers.  Thus,  if  it  is  desired  to  use  the  pump  A  for 
all  boilers,  the  valve  in  the  main  feedpipe  near  this  pump 
is  opened  and  the  valve  near  the  pump  B  is  closed.  The 
pump  A  will  then  deliver  into  any  or  all  of  the  six  boilers, 
depending  on  the  manipulation  of  the  stop-valves  in  the 
branch  pipes. 

46.  When  the  feedwater  goes  through  a  feedwater  heater 
before  entering  the  boilers,  it  is  usually  advisable  to  provide 
by-pass  connections,  so  that  in  case  of  accident  to  the  heater 
it  may  be  cut  out  of  service  without  interference  with  the  feed- 
ing. In  many  plants,  the  entire  feed  system  is  fitted  in  dupli- 
cate, in  order  to  be  prepared  for  emergencies.  One  system 
may  then  be  supplied  by  injectors  and  the  other  by  pumps. 

47.  The  internal  feed  system  is  arranged  in  various 
ways.  Its  purpose  is  twofold:  (1)  to  conduct  the  water  to 
the  proper  point  of  discharge  in  the  boiler;  (2)  to  heat  the 
relatively  cold  feedwater  to  nearly  the  temperature  of  the 
water  in  the  boiler.  As  to  the  proper  point  of  discharge, 
authorities  differ  considerably.  Most  engineers  believe  that 
the  water  should  be  discharged  into  the  coolest  part  of  the 
boiler  and  should  be  diffused  by  delivering  it  through  a  per- 
forated pipe.  Others  discharge  the  feedwater  into  the  steam 
space  and  use  some  suitable  spraying  device  to  break  the 
entering  stream  into  spray. 

When  discharging  into  the  water  space  of  horizontal  tubu- 
lar boilers,  a  common  and  very  satisfactory  arrangement  is 
to  make  the  feedpipe  enter  the  front  head  a  little  below  the 
water-line  and  carry  it  to  within  a  few  inches  of  the  rear 
head.  The  end  of  the  pipe  is  closed  and  a  number  of  holes 
in  the  bottom  of  the  pipe  discharge  the  water  downwards 
between  the  tubes.  Or  the  water  may  enter  through  the  bot- 
tom of  the  rear  head;  a  horizontal  pipe  then  carries  it  to 
within    a   few  inches    of    the  front   head.     It   then  passes 
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through  a  vertical  pipe  up  between  the  tubes  to  within  a 
few  inches  of  the  water  level,  and  returns  to  the  rear  through 
a  horizontal  pipe  and  is  discharged  downwards  between  the 
tubes.  With  this  arrangement,  the  feedwater  will  be  heated 
to  the  same  temperature  as  the  water  in  the  boiler. 

In  cylinder  boilers,  the  feedwater  usually  enters  the  bottom 
of  the  front  head.  In  good  practice,  it  is  then  carried  to  the 
rear  by  a  horizontal  pipe  and  discharged  upwards.  In  some 
plants  this  is  not  done,  however,  and  the  water  is  discharged 
directly  on  the  crown  sheet.  This  is  considered  very  poor 
practice  by  many  engineers,  since  it  will  subject  the  plate 
exposed  to  the  most  intense  heat  to  severe  local  stresses, 
which  ultimately  will  strain  the  metal  beyond  its  elastic  limit 
and  cause  a  rupture.  In  general,  it  is  the  common  rule  that 
feedwater  should  never  be  discharged  on  the  parts  of  the  boiler 
exposed  to  the  most  intense  heat,  nor  should  it  be  delivered 
in  a  solid  stream  against  a  plate,  and,  furthermore,. it  should 
be  discharged  in  such  a  direction  as  to  assist  the  circulation. 

In  flue  boilers,  the  water  may  be  discharged  in  the  same 
manner  as  in  return-tubular  boilers.  In  vertical  boilers  it  is 
usually  discharged  into  the  water  leg  at  the  lowest  point, 
although  sometimes  it  is  delivered  about  2  feet  above  the 
crown  sheet.  In  boilers  of  the  locomotive  type,  it  may  be 
delivered  into  the  lower  part  of  the  cylindrical  part  or  into 
the  water  legs  below  the  grate.  In  water-tube  boilefs,  the 
builders  always  determine  where  to  discharge  the  feedwater, 
and  their  advice  should  be  followed. 

In  low-pressure  heating  boilers,  the  feedwater  is  generally 
discharged  into  a  header  at  the  bottom,  either  at  the  rear 
end  or  at  the  side.  The  manufacturers  of  these  boilers 
always  decide  where  the  feedwater  should  enter  their- boiler, 
and  frequently  provide  a  tapped  boss  at  the  point  decided  on. 


FEKI>IN<;     APPARATUS 

48.     Injectors  iiiul  Tlic^i  r  Const  ruction. — An  Injector 

is  a  steam-actuated  device  for  feeding  high-pressure  boilers. 
Its  advantages,  in  comparison  with  pumps  of  equal  capacity, 
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are  cheapness,  small  space  occupied,  absence  of  exhaust 
piping,  and  delivery  of  hot  feedwater.  Its  disadvantages 
are  that  it  will  not  start  on  pressures  less  than  it  is  designed 
for,  that  it  will  stand  but  little  abuse,  and  that  gritty  water 
will  rapidly  destroy  it. 

The  term  range,  when  applied  to  an  injector,  refers  to  the 
steam  pressures  at  which  the  device  will  begin  and  cease 
working.  The  range  decreases  with  any  increase  in  the 
distance  the  water  must  be  lifted,  and  with  any  increase 
in  the  temperature  of  the  water  supply.  The  ranges  of 
injectors  of  different  makes  are  given  in  the  catalogs  of 
their  manufacturers. 

49.  Injectors  may  be  divided  into  two  general  classes: 
the  no7i4i{img  and  lifting  injectors.  They  differ  from  each 
other,  as  implied  by  the  name,  in  that  the  one  class  is  capa- 
ble of  lifting  the  water  from  a  level  lower  than  its  own, 
which  the  other  class  cannot  do. 

Noii-llftlii|^  Injectors  are  intended  for  use  where  there 
is  a  head  of  water  available,  consequently  they  must  be 
placed  below  the  water  level  of  the  supply  tank,  if  one  is 
used.  When  the  water  comes  to  a  non-lifting  injector  under 
pressure,  as  from  a  city  main,  it  can  be  placed  in  almost  any 
convenient  position  close  to  the  boiler.  Non-lifting  injectors 
resemble  the  lifting  injector  so  much  in  their  action  that  no 
description  of  them  will  be  given. 

liiftin^  injectors  are  of  two  distinct  types,  called 
automatic  and  positive  injectors.  Since  positive  injectors 
generally  have  two  sets  of  tubes,  they  are  frequently  called 
doiible-tube  injectors. 

Automatic  injectors  are  so  called  from  the  fact  that  they 
will  automatically  start  again  in  case  the  jet  of  water  is 
broken  by  jarring  or  other  means.  They  are  simpler  in  con- 
struction than  double-tube  injectors,  and  for  a  moderate 
temperature  of  feedwater  supply  and  not  too  great  a  range 
in  steam  variation  answer  very  well.  They  are  very  gen- 
erally used  on  stationary  and  portable  boilers  and  tractioq 
engines, 
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Positive,  or  double- tube,  injectors  are  provided  with  two 
sets  of  tubes,  one  set  of  which  is  used  for  Hftiug  the  water, 
while  the  other  set  forces  the  water  thus  delivered  to  it  into 
the  boiler.  A  positive  injector  has  a  wider  ran^e  than  an 
automatic  injector  and  will  handle  a  hotter  feed  water  supply  , 
It  will  also  lift  water  to  a  greater  vertical  height  than  the 
automatic  injector. 

50.  The  construction  of  the  Penbtrihy  auiomaik  injteior 
is  shown  in  Fig,  25.  Steam  from  the  boiler  enters  the 
nipple  V  and  passes  into  the  nozzle  R  and  then  into  the 
conical  combining  tube  S.  In  rushing  past  rhe  annular 
opening  between  R  and  5,  it  creates  a  partial  vacuum  and 
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causes  water  to  flow  through  P^  filling  the  space  surrounding 
the  lower  end  of  R  and  upper  end  of  S*  The  nipple  A 
which  is  shown  at  the  right-hand  side,  ts  really  situated  In 
the  rear.  At  first  the  mingled  steam  and  water,  by  reason  of 
the  water  not  having  acquired  sufficient  momentum,  do  not 
flow  to  the  boiler;  but  after  the  tube  K,  the  space  surrounding 
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it,  and  the  feed-delivery  pipe  attached  to  the  nipple  Z  are 
filled,  the  mingled  steam  and  water  force  the  swing  check- 
valve  Q  and  pass  through  the  overflow  T,  As  soon  as  the 
jet  of  water  passing  through  the  combining  tube  has  acquired 
sufficient  momentum,  the  boiler  check- valve  is  forced  open 
and  the  water  commences  to  enter  the  boiler.  In  conse- 
quence, no  more  water  will  enter  the  space  around  the  lower 
end  of  5  and  the  upper  end  of  K,  and  there  being  no  pres- 
sure in  this  space,  the  overflow  valve  Q  will  close.  The 
overflow  valve  is  kept  closed  by  the  atmospheric  pressure  on 
top  of  it,  for  while  the  injector  is  working  steadily,  there 
will  be  a  partial  vacuum  in  the  space  around  5"  and  Y. 

To  start  the  injector,  all  that  is  required  is  to  turn  on  the 
steam  and  water.  If  the  steam  supply  is  too  great,  steam 
will  issue  from  the  overflow;  if  the  water  supply  is  too  great, 
water  will  issue.  Should  the  jet  of  water  be  broken,  i.  e., 
fail  to  enter  the  boiler,  the  overflow  valve  will  lift  and  the 
mingled  water  and  steam  will  come  out  of  the  overflow  until 
the  jet  has  acquired  sufficient  momentum  to  enter  the  boiler 
'again,  when  the  overflow  valve  will  close. 

The  automatically  closing  overflow  valve  is  the  distinguish- 
ing feature  of  the  automatic  injector,  and  in  some  form  or 
other  is  found  in  all  instruments  of  this  class. 

51.  Fig.  26  shows  the  Hafuock  inspirator,  which  is  one 
of  the  earliest  types  of  a  double-tube  injector.  The  term 
** inspirator''  applied  to  it  is  merely  a  trade  name.  Steam 
from  the  boiler  enters  through  the  pipe  a  and  flows  through 
the  steam  nozzle  ;/  into  the  combining  nozzle  o,  thereby 
causing  water  to  flow  up  the  pipe  b  into  the  lifting  side  of 
the  instrument.  The  water  then  passes  in  the  direction  of  the 
arrows  to  the  forcing  side  of  the  instrument,  entering  at  the 
top  of  the  forcing  tube  s,  where  it  is  met  by  a  jet  of  steam 
flowing  through  the  forcing  steam  nozzle  r  and  is  further 
heated  and  given  an  increased  velocity.  It  then  passes 
through  the  pipe  c  to  the  boiler. 

In  order  to  start  the  instrument,  the  valve  v  must  be  closed 
and  the  overflow  valves  /  and  7v  opened.     Next,  the  water 
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valve  (i  and  then  the  steam  valve  e  are  opened,  when  the 
sleani  will  rush  through  n,0,  it  and  w  and  out  of  the  overflow 
until  it  creates  a  sufficient  vacuum  on  the  left,  or  lifting,  side 
to  cause  the  water  to  fiow  up,  which  will  then  discharge  out 
of  the  overflow.     As  soon  as  the  w^ater  appears,  the  valve  / 

must  be  closed  and 
the  valve  i^  opened. 
Immediately  there- 
after  the  overflow 
valve  w  is  to  be 
closed,  when  the  in- 
spirator will  be  work- 
ing. To  stop  the 
injector,  the  valves  e 
and  p  must  be  closed 
and  i  and  w  opened. 


52,  The  Mmiior 
a f ting  injector  shoy^n 
in  Fi£.  27  occupies 
an  intermediate  posi- 
tion between  the  sin- 
gle-tube and  double- 
tube  inject orst  for 
while  it  has  two  sets 
of  tubes,  the  one  set 
is  used  in  starting 
the  injector,  but  is 
thrown  out  of  ac- 
tion as  soon  as  the 
injector  is  working. 
Steam     enters     the 
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injector  at  F;  the  water  enters  at  P  and  passes  to  the  boiler 
through  the  nipple  N\  the  overflow  is  at  O. 

The  operation  is  as  follows:  The  water- admission  valve  B 
is  first  opened  by  turning  Ihe  hand  wheel  W\  the  primer 
valve  R  is  then  opened  by  the  handle  J,  thus  permitting 
steam  to  flow  through  the  passage  E  and  a  connection,  not 
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shown  In  the  fi  gfure,  to  the  nozzle  n.  From  u,  the  steam 
rushes  into  the  overflow  nozzle  O,  which,  in  conjunetion  with 
the  nozzle  //,  forms  the  lifting  part  of  a  double- tube  injector, 
A  passage  connects  the  chamber  surrounding  u  with  the  space 
above  the  overflow  valve  L.  The  jet  of  steam  rushing 
from  «  through  O  carries  with  it  some  of  the  air  in  the 
chamber  to  which  O  is  connected,  thus  forming  a  partial 
vacuum  in  the  space  above  the  overflow  valve,  which  opens 
and  thus  allows  the  air  in  /?»  C,  G,  I/,  K,  T,  and  P  to  be 
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exhausted.  The  pressure  of  the  atmosphere  now  forces  the 
water  into  the  injector,  and  it  finally  appears  at  the  overflow. 
As  soon  as  this  happens,  the  valve  R  is  closed,  which  throws 
the  priming  part  of  the  injector  out  of  action.  The  steam 
valve  A  is  now  opened  by  turning  the  wheel  S,  which  admits 
steam  to  the  nozzles  of  the  injector  proper.  At  first  the 
water  will  come  out  of  the  overflowp  but  as  soon  as  the 
velocity  has  become  high  enou^fh,  it  will  enter  the  boiler, 
the  overflow  valve  L  closing  automatically, 

63*  The  injectors  described  in  Arts.  50  to  52  are 
intended  to  use  live  steam;  there  are  injectors  in  the  market, 
however*  that  make  use  of  exhaust  steam*  Their  principle 
of  action  is  the  same  as  that  of  live-steam  injectors,  from 
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which  they  differ  only  in  the  relative  proportion  of  the 
nozzles.  Injectors  designed  to  be  used  with  exhaust  steam 
generally  will  not  work  against  boiler  pressures  exceeding 
75  pounds;  there  are  so-called  hi^^h-pressure  exhaust- 
steam  injectors  in  the  market,  however,  in  which  live 
steam  can  be  introduced  in  order  to  adapt  the  exhaust 
injector  to  high  boiler  pressures. 

Since  exhaust  steam  is  available  only  when  the  engine  is 
running,  it  is  necessary  to  furnish  an  exhaust  injector  with  a 
live-steam  connection  in  order  that  it  may  be  used  when  the 
engine  is  not  working.  The  live  steam  is  throttled  so  that 
it  will  enter  the  injector  at  about  the  pressure  of  the  exhaust 
steam.  The  mere  addition  of  a  live-steam  connection  will 
not  convert  an  exhaust  injector  into  a  high-pressure  exhaust 
injector,  nor  will  an  exhaust  injector  work  when  supplied 
with  steam  at  full  boiler  pressure.  Likewise,  an  injector 
designed  to  work  with  full  boiler  pressure  will  not  work 
with  exhaust  steam. 

54.  Injector  Installation. — An  injector  must  always 
be  placed  in  the  position  recommended  by  the  maker,  for  the 
reason  that  some  injectors  will  work  well  only  in  one  posi- 
tion. There  must  always  be  a  stop-valve  in  the  steam- 
supply  pipe  to  the  injector,  which  should,  for  convenience, 
be  placed  as  close  to  the  injector  as  is  possible.  While  lift- 
ing injectors,  when  working  as  such,  scarcely  need  a  stop- 
valve  in  the  suction  pipe,  it  is  advisable  to  supply  it.  When 
the  water  flows  to  the  injector  under  pressure,  a  stop-valve 
in  the  water-supply  pipe  is  a  necessity.  A  stop-valve  and 
check-valve  must  be  placed  in  the  feed-delivery  pipe,  with 
the  stop-valve  next  to  the  boiler.  The  check-valve  should 
never  be  omitted,  even  though  the  injector  itself  is  supplied 
with  one.  No  valve  should  ever  be  placed  in  the  overflow 
pipe,  nor  should  the  overflow  be  connected  directly  to  the 
overflow  pipe,  but  a  funnel  should  be  placed  on  the  latter  so 
that  the  water  can  be  seen.  This  direction  does  not  apply 
to  the  inspirator  or  to  any  other  injector  that  has  a  hand- 
operated    separate    overflow    valve.      In  the  inspirator  the 
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overflow  pipe  is  connected  directly  to  the  overflow,  but  the 
end  of  the  pipe  must  be  open  to  the  air.  In  general,  where 
the  injector  lifts  water  it  is  not  advisable  to  have  a  foot- 
valve  in  the  suction  pipe,  as  it  is  desirable  that  the  injector 
and  pipe  may  drain  itself  when  not  in  use.  It  is  a  good  idea 
to  place  a  strainer  on  the  end  of  the  suction  pipe. 

The  steam  for  the  injector  must  be  taken  from  the  highest 
part  of  the  boiler,  as  it  is  essential  to  the  successful  working 
of  the  injector  that  it  be  supplied  with  dry  steam.  Under  no 
consideration  should  the  steam  be  taken  from  another  steam 
pipe;  the  injector  should  always  have  its  own  independent 
steam-supply  pipe.  The  suction  pipe  should  be  as  straight 
as  possible  and  must  be  absolutely  air-tight.  A  very  impor- 
tant consideration  in  connecting  up  an  injector  is  to  have  the 
pipes  cleaned  by  blowing  them  out  with  steam  before 
making  the  connection,  since  quite  a  small  bit  of  dirt  getting 
into  the  injector  will  interfere  seriously  with  its  working. 
It  is  recommended  to  always  so  locate  the  injector  that  the 
steam  pipe,  suction  pipe,  and  feed-delivery  pipe  will  be  as 
straight  and  as  short  as  possible. 

In  some  cases,  especially  with  horizontal  boilers  without 
a  dome,  it  is  advisable  to  use  a  so-called  supplementary 
dome,  which  is  simply  a  vertical  piece  of,  say.  2-inch  pipe 
about  12  to  18  inches  long;  the  injector  steam  pipe  is  then 
connected  to  the  top  of  this  supplementary  dome. 

55.  Most  engineers  prefer  to  select  a  size  of  injector 
having  a  capacity  per  hour  about  one-half  greater  than  the 
maximum  evaporation  per  hour,  in  order  to  have  some 
reserve  capacity.  The  maximum  evaporation  of  power 
boilers,  when  not  known,  may  be  estimated  in  Winchester 
gallons  (231  cubic  inches)  by  one  of  the* following  rules,  which 
hold  good  for  ordinary  combustion  rates  under  natural  draft: 

Rule  1. — For  plain  cylindrical  boilers^  multiply  the  product 
of  the  length  and  diameter^  in  feet,  by  1,3. 

Rule  2. — For  tubular  boilers,  either  horizontal  or  vertical^ 
multiply  the  prodiut  of  the  square  of  the  diameter^  in  feet^  and 
ike  lengthy  in  feet,  by  1,9. 
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Rule  3. — For  water-tube  boilers ^  multiply  the  heating  surface^ 
in  square  feet^  by  A. 

Rule  4. — For  boilers  not  covered  by  the  foregoing  rules ^ 
multiply  the  grate  surface^  in  square  feet,  by  12. 

Rule  5. — //  the  coal  consumptimi,  in  pounds  per  hour,  is 
known,  it  may  be  taken  as  represaiting  the  number  of  gallons 
evaporated  per  hour. 

As  there  is  no  standard  method  of  designating  the  size  of 
an  injector  that  is  followed  by  all  makers,  such  an  instrument 
must  be  selected  from  the  lists  of  capacities  published  by  the 
different  makers. 

66.  Automatic  Water  Feeder. — In  low-pressure  heat- 
ing work  the  condensed  steam  is  returned  to  the  boiler  by 
gravity,  but  owing  to  leakage  of  the  pipe-system  connections 
and  loss  at  the  radiator  air  vents,  less  water  is  returned  to 
the  boiler  than  is  sent  out  in  the  form  of  steam.  This  results 
in  a  gradual  lowering  of  the  water  level  in  the  boiler,  and 
necessitates  a  frequent  replenishing.  It  is  very  desirable 
that  this  be  done  automatically,  and  different  devices  for  this 
purpose  are  on  the  market. 

A  simple  form  of  automatic  w^ater  feeder  and  pipe  con- 
nections thereto  is  shown  in  Fig.  28.  It  is  essentially  com- 
posed of  a  cast-iron  casing  a  in  which  a  ball  float  b  is  attached 
to  the  end  of  a  lever  that  turns  on  the  fulcrum  pin  Cy  and 
controls  the  flow  of  water  to  the  boiler.  The  pipe  d  connects 
with  the  cold-water  supply  pipes  in  the  building.  The 
branch  c  connects  to  the  inlet  tapping  of  the  feeder  casing, 
and  discharges  the  water  through  the  valve  /  when  the  float 
has  fallen  sufficiently  to  open  the  valve.  When  enough  water 
has  entered  the  boiler  to  raise  the  water-line  to  the  level 
indicated  by  the  dotted  line,  the  valve  will  be  closed  by  the 
float  b.  The  feeder  should  be  set  so  that  its  center  line  will 
be  exactly  level  with  the  desired  water-line  of  the  boiler. 
Water  from  the  feeder  enters  the  boiler  through  the  pipe  g, 
and  steam  enters  the  feeder  casing  through  h  from  the  top 
of  the  boiler.     A  by-pass  valve,  or  cock,  /  may  be  opened 
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slightly  to  feed  the  boiler  slowly  in  case  the  automatic 
feeder  needs  repairs*  This  cock  should  never  be  opened,  how- 
ever, except  in  such  an  emergency.  It  is  advisable  to  place 
a  check-valve  ^'  on  the  feedpipe  d  to  prevent  boiler  water 
from  being  forced  into  the  street  mains  through  the  by-pass. 


57,  Bteani  Loop- ^  A  certain  apparatus,  consisting 
essentially  of  pipes,  and  used  for  automatically  return  in '^ 
the  water  of  condensation  from  a  steam  pipet  sleam-heatini^ 
system,  steam  separator,  etc,  to  the  boiler,  is  known  as  the 
steam  loopn.  Its  construction  when  applied  to  a  separator 
is  shown  in  Fig.  29«  and  if  its  principle  of  operation  is 
understood p  the  loop  can  easily  be  «ftcdified  to  suit  different 
[  condittODS* 
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The  loop  consists  essentially  of  a  riser  d,  a  hend  i  acting 
as  a  chick,  a  so-called  horizonfal  e^  a  drop  Itg  (^  and  a  check- 
valve  and  globe  valve  in  the  pipe  connectingf  the  drop  leg 
to  the  boiler.  The  check- valve  opens  toward  the  boiler, 
and  should  never  be  omitted. 

The  operation  of  the  loop  is  as  follows:  Owing  to  the 
condensatioo  of  the  steam,  the  pressure  in  the  horizontal  e 
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tis  slightly  less  than  In  the  separator.  In  consequence^  there 
will  be  a  flow  of  steam  np  the  riser  d  and  through  the  bend  i 
into  the  horizontal,  and  thence  into  the  drop  leg.  Any  water 
collected  in  the  separator  will  be  carried  along,  and  as  the 
bend  i  prevents  its  return  to  the  riser,  this  water  flows  along 
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the  horizontal  into  the  drop  leg.  The  water  continues  to 
rise  in  the  drop  leg  until  the  pressure  due  to  its  head  being 
added  to  the  pressure  in  the  horizontal  is  sufficient  to  over- 
come the  pressure  within  the  boiler.  The  check-valve  is 
now  forced  open  and  the  water  flows  into  the  boiler  until 
the  water  in  the  drop  leg  has  dropped  so  low  that  the  pres- 
sure exerted  is  insufficient  to  force  the  water  into  the  boiler. 
The  check-valve  then  closes.  The  head  of  water  is  measured 
between  the  water  level  gg  of  the  boiler  and  the  level  at 
which  the  water  stands  in  the  drop  leg.  Thus,  if  the  water 
stands  at  the  level  h  h,  the  head  is  given  by  the  distance  m. 
This  distance,  from  which  the  height  of  the  drop  leg  can  be 
determined,  depends  on  the  difference  in  pressure  existing 
at  the  separator  and  the  boiler  pressure.  In  practice,  about 
2.5  feet  should  be  allowed  for  each  pound  difference  in  pres- 
sures. As  steam  loops  are  liable  to  become  air  locked,  or 
flooded  with  water  and  thus  rendered  inoperative,  their  use 
is  not  recommended  in  places  where  there  is  not  a  skilled 
engineer  in  charge.  

CLEANING    APPARATUS 

58.  Bottom  Blow-Off. — For  the  double  purpose  of 
emptying  the  boiler  when  necessary  and  of  discharging  the 
loose  mud  and  sediment  that  collects  from  the  feedwater, 
each  boiler  is  provided  with  a  pipe  that  enters  the  boiler  ait 
its  lowest  point.  This  pipe,  which  is  provided  with  a  valve 
or  cock,  is  commonly  known  as  the  bottom  blow-off.  The 
position  of  the  blow-off  pipe  varies  with  the  design  of  the 
boiler;  in  ordinary  return-tubular  boilers,  it  is  usually  led 
from  the  bottom  of  the  rear  end  of  the  shell  through  the  rear 
wall.  Where  boilers  are  supplied  with  a  mud-drum,  the 
blow-off  is  attached  to  the  drum. 

69.  While  many  boiler  plants  use  globe  valves  on  the 
blow-off  pipe,  their  use  is  objectionable,  since  though  tightly 
screwed  down,  the  valve  may  not  be  properly  closed  on 
account  of  a  chip  of  incrustation  or  similar  matter  getting 
between  the  valve  and  its  seat.  As  a  result,  the  water  may 
leak  out  of  the  boiler  unperceived.     Formerly,  brass  plug 
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cocks  were  used  almost  entirely,  which,  owing  to  their  habit 
of  sticking  tightly,  were  superseded  by  globe  valves  and 
gate  valves  for  high-pressure  boilers.  Brass  plug  cocks  are 
still  used  for  low-pressure  boilers,  and  prove  quite  satisfactory. 
Within  the  last  few  years  plug  cocks  packed  with  asbestos 
have  been  placed  on  the  market,  the  asbestos  packing  remov- 
ing the  objectionable  features  of  the  plug  cock.  Many  engi- 
neers now  insist  on  the  use  of  these  cocks  for  the  blow-oflf 
pipe.  Gate  valves  are  also  used  to  some  extent,  but  are  open 
to  the  same  objection  as  globe  valves.  In  the  best  modem 
practice,  the  blow-off  pipe  is  fitted  with  two  shut-off  devices. 
The  one  shut-off  may  be  an  asbestos-packed  cock  and  the 
other  some  form  of  valve,  or  both  may  be  cocks  or  valves, 
the  idea  underlying  this  practice  being  that  leakage  past  the 
shut-off  nearest  the  boiler  will  be  arrested  by  the  other. 

60.  The  bottom  blow-off  pipe,  when  exposed*  to  the 
gases  of  combustion,  should  always  be  protected  by  a  sleeve 
made  of  pipe,  by  being  bricked  in,  or  by  a  coil  of  plaited 
asbestos  packing.  If  this  precaution  is  neglected,  the  sedi- 
ment and  mud  collecting  in  the  pipe,  in  which  there  is  no 
circulation,  will  rapidly  become  solid.  Instances  are  not 
rare  where  the  blow-off  pipe  has  become  so  badly  choked 
that  on  opening  the  blow-off  cock  the  full  steam  pressure 
could  not  clear  the  pipe. 

The  blow-off  pipe  should  lead  to  some  convenient  place 
entirely  removed  from  the  boiler  house  and  at  a  lower  level 
than  the  boiler.  In  some  places,  the  blow-off  may  be  con- 
nected to  the  nearest  sewer;  in  many  localities,  however, 
ordinances  prohibiting  this  are  in  force;  the  blow-off  is  then 
connected  to  a  cooling  tank,  whence  the  water  may  be  dis- 
charged into  the  sewer.  When  the  blow-off  has  been  used 
for  the  purpose  of  partly  emptying  the  boiler,  the  greatest 
care  should  be  used  to  make  sure  that  the  cock  or  valve  is 
properly  closed.  If  there  is  a  leak,  it  can  be  discovered  by 
feeling  the  blow-off  pipe  at  some  distance  from  the  boiler. 

61.  A  good  arrangement  of  the  bottom  blow-off  for  a 
return-tubular   boiler   is   shown   in   Fig.  30.     The  blow-off 
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pipe  a  has  two  right-at]g:le  bends  of  ample  radius,  which 
render  it  spriugy.  It  is  connected  to  the  bottom  of  the 
boiler  by  a  nipple  screwed  into  the  flange  b  and  a  right-and- 
left  coupling.     A  pipe  sleeve  c  protects  the  part  of  the  pipe 
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that  w^ould  otherwise  be  exposed  to  the  hot  gases  of  com- 
bustion. A  gate  valve  d  and  angle  valve  e  form  shut-offs. 
The  pipe  /  leading  to  the  sew*er,  or  blow-off  tank,  is  con- 
nected to  the  valve  e  by  nipples  of  suitable  length  and  a 
flanged  union  g. 

<i2.  The  usual  diameters  of  blow-off  pipes  for  tubular 
boilers  are  as  follows:  li-inch  pipe  for  boilers  up  to 
42  inches  in  diameter;  2-inch  pipe  for  diameters  up  to 
60  inches,  and  23-inch  pipe  for  larger  power  boilers.  In 
low'prejbSure  and  water-tube  boilers »  the  size  of  the  blow-off 
is  determined  by  the  manufacturers,  a  tapped  boss  at  the 
lowest  point  defining  the  sixe  of  pipe  to  be  used. 

63*  Huf-riioe  Blovv*<irf. — Boilers  are  often  fitted  with  a 
surface  blow*t>rf,  which  is  simply  a  pipe  with  a  scoop- 
shaped  5tting  placed  3  or'  4  inches  below  the  water  level. 
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The  pipe  is  provided  with  a  cock  or  valve.  The  surface 
blow-off  serves  to  remove  floating  impurities  that  would 
finally  settle  and  fall  to  the  bottom  of  the  boiler  if  not 
removed.  The  surface  blow-off  piping  can  advantageously 
be  combined  with  the  bottom  blow-off  piping  in  such  a 
manner  that  a  constant  circulation  obtains  in  the  piping. 
The   manner  in  which  this  is  done  is  shown  in  Fig.  31, 


where  a  is  the  bottom  blow-off  having  two  right-angle  bends 
of  ample  radius,  and  d  is  the  surface  blow-off,  connecting  to 
the  bottom  blow-off  beyond  the  valve  c.  When  neither 
blow-off  is  in  use,  the  valves  r  and  d  are  open,  but  the  blow- 
off  valve  e  is  tijrhtly  closed.  The  water  then  circulates  in 
the  direction  shown  by  the  arrow.  This  circulation  is  quite 
rapid,   and   prevents  the  accumulation  of   sediment  in  the 
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blow-off  pipe  and  its  subsequent  rapid  destruction  by  over- 
heating. To  use  the  surface  blow-off,  the  valve  c  is  closed 
and  the  valves  d  and  e  are  opened.  To  use  the  bottom  blow- 
off,  the  valve  d  is  closed  and  the  valves  c  and  e  are  opened. 

64.  Maulioles  and  Ilandholes. — For  the  purpose  of 
allowing  the  inside  of  the  boiler  to  be  examined,  cleaned, 
and  repaired,  holes  closed  by  suitable  covers  are  cut  into  the 
head  or  shell.  When  of  sufficient  size  to  admit  a  man,  they 
are  called  manholes;  otherwise,  handholes. 

A  common  construction  of  a  manhole  and  its  cover  is 
shown  in  Fig.  32.  An  elliptical  hole  is  cut  into  the  head  or 
shell  of  the  boiler.  A  wrought-iron  or  steel  ring  /?,  called  a 
compensation  ring,  is  riveted  to  the  plate  P,  generally  on  the 
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outside,  for  the  purpose  of  strengthening  the  plate,  which  is 
weakened  considerably  by  the  cutting  of  such  a  large  hole 
through  it.  A  cover  N  made  of  wrought  iron,  cast  iron,  or 
steel  is  fitted  to  the  hole,  inside  of  the  boiler,  and  is  pro- 
vided with  two  studs  y,  Y  riveted  to  it.  This  cover  is 
flanged  and  overlaps  the  edges  of  the  plate  about  1  inch  or 
more  all  aroimd  its  perimeter.  A  yoke  M  is  slipped  over 
each  stud,  its  two  extremities  resting  on  the  compensation 
ring.  A  ring  G,  or  gasket,  as  it  is  commonly  called,  made 
of  sheet  rubber  or  any  other  pliable  waterproof  material,  is 
placed  between  the  plate  and  the  cover  and  serves  to  make 
a  water-tight  joint. 

65—20 
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Of  late  years  it  has  become  quite  generally  the  practice  to 
flang:e  the  head  inwards  and  face  its  edg^e,  thus  doing  away 
with  the  necessity  for  the  compensation  ring.     When  the 

manhole  is  in  the  shell,  in 

the  best  modem  practice,  a 

flanged   compensation  ring 

is    riveted   to   the   inside 

of  the   shell,  as   shown  in 

F'«  33  Fig.  33. 

Manholes  are  usually  made  about  11  inches  by  15  inches 

in  the  clear.      If  any  smaller,  it  is  rather  difficult  for  a  man 

to  get  through  them. 

65.  Ilaudholes  are  placed  in  boilers  whose  construction 
does  not  permit  the  entrance  of  a  man,  as,  for  example,  in 
vertical  boilers.  They  are  also  placed  in  other  boilers  in 
convenient  positions;  thus,  in  boilers  of  the  locomotive  type 
they  are  usually  placed  in  the  corners  of  the  water  legs,  and 
in  horizontal  return-tubular  boilers  are  often  found  in  the 
heads  below  the  tubes.  The  handhole  is  a  convenient  place 
to  rake  out  sediment  and  scale  and  to  admit  a  hose  for  the 
purpose  of  washing  out  the  boiler.  The  handhole  and  its 
cover  are  constructed  very  much  like  a  manhole  and  cover; 
the  handhole  being  smaller,  requires  but  one  yoke  and  bolt 
to  close  up  the  cover. 
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GRATES 

66.  Grates  for  Small  Heating  Boilers. — The  grate, 

which  is  nearly  always  made  of  cast  iron,  furnishes  a  sup- 
port for  the  fuel  to  be  burned  and  must  be  provided  with 
spaces  for  the  admission  of  air.  The  spaces  and  supports 
are  alternate  and  are  distributed  evenly  all  over  the  grate 
surface.  The  combined  area  of  all  the  supports  is  usually 
made  nearly  equal  to  the  combined  area  of  all  the  air  spaces; 
in  other  words,  half  the  grate  surface  is  air  space  and  half 
serves  to  support  the  fuel. 

The  grates  in  use  in  low-pressure  steam-heating  boilers 
are  made  in  many  forms,  differing  greatly  in  convenience 
and  durability.  A  good  grate  should  permit  the  fire  to  be 
cleared  of  ashes  and  clinkers  thoroughly  and  without  the  loss 
of  unburned  fuel.  Grates  are  divided  into  two  classes,  which 
are  fixed  f^ratcs  and  shaking  grates, 

67,  Fixed  grates,  as  implied  by  their  name,  are  sta- 
tionary; they  should  never  be  used  in  low-pressure  heating 
boilers  having  a  fire-pot,  because  they  afford  no  facilities  for 
cleaning  the  fire  or  for  removing  the  refuse  when  the  fire  has 
gone  out.  The  fire  can  be  cleaned  only  by  the  use  of  a  poker 
thrust  up  through  the  grate,  and  by  a  clinker  bar  that  is 
shoved  through  a  poke  hole  in  the  base  of  the  fire-pot.  The 
fixed  grate  is  the  dirtiest  and  most  inconvenient  arrangement 
that  can  be  used  for  low-pressure  heating  boilers  having  a 
fire-pot. 
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Fixed  gyrates  may  be  improved  somewhat  by  making  the 
central  part  removable,  as  in  Fig.  34.  The  center  grate  a  is 
attached  to  the  bar  A,  and  can  slide  forwards  far  enough  to 
uncover  the  central  opening  in  the  main  grate  d.  This  per- 
mits the  easy  removal 
of  large  clinkers,  or 
the  refuse  from  a 
dead  fire. 


68.  Round  grates 
are  often  made  mov- 
ablci  for  the  purpose 
of  agitating  the  fire 
and  cleaning  i  I , 
Some  are  constructed 
to  vibrate  back  and 
Fig, 34  forth  on    a   central 

pivot*  and  others  are  provided  with  a  crank  and  suitable 
gearing  by  which  they  can  be  rotated  to  any  extent  desired. 
These  devices  operate  very  imperfectly,  however,  because  the 
movement  at  the  center  of  the  grate  is  too  small  to  be  of 
much  practical  use,  and  because  the  motion  fails  to  prop- 
erly agitate  the  mass  of  fuel  and  dislodge  the  fine  ashes 
that  obstruct  the  heart 
of  the  fire. 

A  revol vlii|af-bar 
grrate  is  shown  in 
Fig»  35,  It  is  composed 
of  a  series  of  revolvable 
parallel  bars  having  lat- 
eral fingers  I  or  lugs,  that 
support  the  fire  and  con- 
stitute the  surface  of  the 
grate.    Each  bar  is  pro- 


Fig,  a& 


vided  with  three  sets  of  fingers,  and  is  supported  at  the  front 
and  rear  ends  in  bearings  that  permit  it  to  revolve.  The 
whole  group  is  revolved  simultaneously  by  means  of  the 
gearing  shown.      The  Angers  not  only  shake  up  and  agitate 
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the  coal  as  the  bars  revolve,  but  they  break  up  the  bed  of 
ashes  that  forms  at  the  bottom  of  the  fire,  and  grind  up  the 
clinkers,  so  that  they  will  pass  through  into  the  ash-pit. 

These  grates  have  one  defect,  which,  in  many  cases,  is  a 
serious  one.  The  normal  position  of  the  bars  is  shown  in 
Fig.  86,  and  Fig.  37  shows  the  positions  that  ai'e  assumed 
by  them  in  revolving.  At  the  same  time  that  the  bars 
a  and  b  are  nearly  touching,  point  to  point,  a  wide  space  is 
opened  between  b  and  c.  This  opening  occurs  between  each 
pair  of  bars  when  they  are  merely  rocked  30°  each  way  from 
the  normal  position.     The  live  coal  is  very  apt  to  nm  down 
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through  these  openings  into  the  ash-pit,  whereby  a  consider- 
able waste  of  fuel  is  caused.  When  the  bars  are  in  their  normal 
position,  as  in  Fig.  36,  the  points  are  separated  so  far  that 
the  smaller  sizes  of  coal,  such  as  chestnut  and  pea,  cannot 
be  used  without  excessive  waste.  In  revolving  the  grate,  a 
large  quantity  of  live  coal  is  liable  to  fall  into  the  ash-pit, 
thus  spoiling  the  fire,  and  also  in  some  cases  ruining  the 
grate  by  causing  it  to  warp  and  finally  break. 

All  movable  grates  tend  to  shake  the  fire,  and  hence  are 
spoken  of  as  slmkinfir  iiri'atcs. 

69.  Grates  for  Ijtiv^o.  Heatlii|i:  and  Povrer  Boilers. 

For  large  heating  boilers  and  for  power  boilers,  the  objections 
to  the  fixed  grate  stated  in  Art.  tt7  are  not  so  pronounced  as 
to  render  it  inadvisable  to  install  fixed  grates.  The  furnace 
door  is  always,  in  good  construction,  on  a  level  with  the 
grate  surface,  and  hence  the  fire  can  be  cleaned  with  the 
ordinary  fire-tools. 

70.  The  most  common  type  of  gra^te  is  made  of  single 
bars  A,  Fig.  3S,  placed  side  by  side  in  the  furnace.  The 
thickness  of  the  lugs  cast  on  the  bars  determines  the  width 
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of  the  open  spaces  of  the  grate.  It  is  the  general  practice 
to  make  the  thickness  across  the  lugs  twice  the  thickness  of 
the  support.  For  long  furnaces  the  bars  are  generally  made 
in  two  lengths  of  about  3  feet  each,  with  a  bearer  in  the 
middle  of  the  grate.  Long  grates  are  generally  set  with  a 
downward  slope  toward  the  bridge  of  about  i  inch  per  foot 
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Fig.  38 

of  length.     This  facilitates  the  admission  of  air  to  the  rear 
of  the  grate;  it  also  facilitates  cleaning  the  grate. 

Single  grate  bars  are  easily  broken  in  transportation  and 
handling;  for  this  reason  grate  bars  arc  often  made  as  shown 
in  Fig.  39,  Two  bars  are  united  in  a  single  casting,  which 
is  not  so  fragile  as  a  single  bar. 


Fig.  39 

71.  The  width  of  the  air  space,  and  hence  the  thickness 
of  the  <(rate  bar,  depends  largely  on  the  character  of  the  fuel 
burned.  For  the  larger  sizes  of  anthracite  and  bituminous 
coals,  the  air  space  may  be  from  v  to  i  inch  wide,  and  the 
grate  bar  may  have  the  same  width.  For  pea  and  nut  coal, 
the  air  space  may  be  from  5  to  ^  inch,  and  for  finely  divided 
fuel,  like  buckwheat  coal,  rice  coal,  bird's-eye  coal,  culm,  and 
slack,  air  spaces  from  i^,;  to  2  inch  may  be  used.  When 
these  small  air  spaces  arc  used,  the  grate,  if  made  as  shown 
in  Figs,  l^^  and  39,  must  have  the  bars  so  thin  in  proportion 
to  their  length  that  they  will  warp  and  twist  and  a  large 
number  of  the  bars  will  soon  break,  especially  when  the  rate 
of  combustion  is  high.  To  overcome  this  objectionable 
feature,  the  grate  bar  shown  in  Fig.  40,  and  known  as  the 
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herring-bane  grate  bar,  was  designed,  and  in  many  parts  of 
the  country  it  has  almost  entirely  superseded  the  ordinary 
grate  bar.  Owing  to  the  shape  of  the  supports  for  the  fire, 
they  are  free  to  expand  and  contract;  being  quite  short  and 
of  small  depth  in  comparison  to  the  ordinary  grate  bar,  there 
is  very  little  danger  of  excessive  warping  of  the  supports. 
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In  consequence,  they  will  usually  far  outlast  a  set  of  ordinary 
grate  bars.  Since  there  are  only  a  few  large  bars  for  the 
grate,  it  also  is  easier  to  replace  a  broken  bar.  Herring- 
bone grate  bars  can  be  obtained  in  a  great  variety  of  styles 
and  with  different  widths  of  air  spaces. 

72.  In  general,  a  grate  bar  that  is  suited  for  the  kind  of 
fuel  that  is  to  be  burned  should  be  selected.  Thus,  if  finely 
divided  coal  is  to  be  burned,  a  grate  bar  having  small  air 
spaces  and  supports  should  be  selected,  since  otherwise  a 
large  percentage  of  the  fuel  will  fall  into  the  ash-pit.  On 
the  other  hand,  for  the  large  sizes  of  coal,  select  bars  having 
large  air  spaces,  using  the  largest  air  space  when  caking 
coals  are  to  be  burned.  Some  varieties  of  bituminous  coal 
will  cake,  that  is,  fuse  together  to  a  considerable  degree,  and 
the  ashes  and  clinkers  formed  will  be  of  such  size  that  a 
large  part  of  them  cannot  pass  through  the  air  spaces  unless 
these  are  large;  the  grate  thus  becomes  clogged,  shutting  off 
the  air  from  the  fire.  This  reduces  the  rate  of  combustion 
and  evaporation.  When  putting  in  grate  bars,  they  should 
not  be  fitted  in  tightly,  but  plenty  of  room  should  be  given 
to  allow  them  to  expand. 

73.  The  front  end  of  the  grate  bars  is  usually  supported 
on  the  dead  plate,  which  is  a  flat  cast-iron  plate  placed  across 
the  furnace  just  inside  the  boiler  front  and  on^a  level  with 
the  bottom  of  the  furnace  door.     The  purpose  of  the  dead 
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plate  is  twofold:  (1)  it  forms  a  support  for  the  firebrick 
lining  of  the  boiler  front;  (2)  it  forms  a  resting  place  on 
which  bituminous  coal  may  be  coked  before  it  is  placed  on 
the  fire.  Experience  has  shown  that  most  bituminous  coals 
can  be  burned  to  the  best  advantage  if  they  are  coked  first, 
by  being  exposed  to  the  radiant  heat  of  the  fire.  To  sup- 
port the  grate  bars,  the  inner  edge  of  the  dead  plate  is  either 
beveled  or  a  lip  is  provided,  as  a,  Fig.  41.  The  dead  plate 
should  be  at  least  8  inches  wider  than  the  furnace,  and  be 
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heavily  ribbed  to  stiffen  it.  The  supporting  of  the  grate 
bars  on  a  lip  of  the  dead  plate  is  objectionable,  as  ashes  will 
soon  get  in  between  the  ends  of  the  bars  and  the  dead  plate 
and  become  hard,  in  consequence  of  which  expansion  of  the 
grates  will  push  the  dead  plate  against  the  boiler  front  and 
in  many  cases  break  it.  Too  much  care  cannot  be  exercised 
to  insert  grate  bars  in  such  a  manner  that  they  can  expand 
freely  and  without  detriment  to  the  boiler  setting. 


Pio.42 

74.  In  the  best  modern  practice,  the  grate  bars  are  sup- 
ported on  bearifij^  bars,  made  as  shown  in  Fig.  42.  The  ends 
fl,  a  are  usually  built  into  the  side  walls  of  the  furnace,  but  a 
ynuch  better  practice  is  to  provide  a  cast-iron  box  a,  Fig.  43, 
built  into  the  side  walls,  on  the  bottom  of  which  the  end  of 
the  bearing  bar  b  rests,  as  shown.  This  allows  the  bearing 
bar  to  freely  expand  and  contract,  and  permits  ready  renewal. 

75.  The  greatest  objection  to  stationary  grate  bars  is 
that  with  them  the  furnace  door  must  be  kept  open  for  a 
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considerable  leng^th  of  time  to  allow  the  fire  to  be  cleaned. 

Ashes,  cinders,  and  clinkers  will  collect  in  the  course  of  time 

on  the  grate,  shut  oflE  the  air  supply,  and  thus  reduce  the 

amount  of  steam  generated.     To  restore  the  fire,  it  needs  to 

be  cleaned.     Cleaning   fires   with  a  stationary  grate  is  not 

only  a  job  that   severely   taxes   the   fireman,  owing  to  the 

excessive  heat  to  which  he 

is  exposed,  but  the  inrush  of 

cold  air  chills  the  boiler  plates, 

thus  producing  stresses  that 

in    the  course   of    time  will 

crack    them.     To   overcome 

these  objections,  grates  have 

been  designed  that  allow  the 

fire  to  be  cleaned  without  opening  the  fiUTiace  door.     This  is 

usually  done  by  giving  each  grate  bar  a  rocking  motion. 

There  are  many  designs  of  shaking  grates  for  large  steam 
boilers  on  the  market,  diflEering  chiefly  in  detail  and  arrange- 
ment. Since  a  description  of  more  than  one  would  be  chiefly 
a  repetition,  one  that  clearly  exhibits  the  characteristic  fea- 
tures of  shaking  grates  is  here  described. 
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76.  Fig.  44  shows  one  form  of  the  McClave  shaking 
grate.  The  grate  bars  are  hung  on  trunnions  at  each  end  and 
are  connected  together  by  bars  a  and  b.  Ordinarily  they  stand 
as  shown  in  the  right-hand  half  of  the  illustration.  When  it 
is  desired  to  merely  shake  the  fire  and  thus  remove  the 
bottom  layer  of  ashes,  the  points  c  are  vibrated  from  the 
level  shown  to  the  lowest  position  the  connections  will 
permit.  The  points  follow  the  back  of  the  bar  immediately 
in  front  of  them;  thus  no  unusual  opening  is  made  through 
which  fine  fuel  may  fall  into  the  ash-pit.  The  end  bar  d  is 
curved  to  fit  the  frame.  When  the  ashes  have  accumulated 
to  a  considerable  thickness,  or  when  they  have  fused  together 
in  a  mass  of  clinkers,  the  points  c  are  thrown  upwards,  as 
shown  in  the  left-hand  half  of  the  illustration,  thus  forming 
a  series  of  deep  pockets  that  are  closed  at  the  bottom  by  the 
main  rib,  or  back  plate,  of  the  grate  bars.    The  act  of  throwing 
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the  points  upwards  breaks  up  the  fused  mass,  which  drops  into 
the  pockets  and  is  discharged  when  the  bars  are  returned  to 
their  normal  position.  The  grate  bars  are  operated  by  means 
of  a  handle  fitting  the  levers,  shown  at  e.  By  means  of  these 
levers,  either  half  of  the  grate  can  be  operated  independently. 
The  two  levers  can  be  locked  together;  in  that  case  all  the 
grate  bars  can  be  worked  back  and  forth  simultaneously. 

77.  An  Argand  steam  blower,  shown  in  Fig.  45,  is  used 
in  connection  with  the  McClave  grate  to  furnish  a  forced 
draft.  The  blower  consists  of  a  long  air  tube  /  discharging 
from  the  end  s  below  the  grate.  In  the  other  end  of  the  tube 
is  placed  a  ring-shaped  tube  r,  perforated  on  the  right  with 


small  holes.  Steam  from  the  boiler  is  led  into  the  ring  by 
the  pipe  /,  and  escapes  in  jets  through  the  perforations, 
carrying  air  along  with  it,  into  the  ash-pit.  This  method  of 
producing  a  draft  by  means  of  an  air  blast  below  the  grate  is 
particularly  valuable  in  burning  the  small  sizes  of  anthracite. 


FURNACE    MOUTH 

78.  In  order  that  the  intense  heat  of  the  fire  may  not 
destroy  the  boiler  front  by  warping  and  cracking  it,  the  front 
must  be  protected  by  a  firebrick  lining,  which  is  supported 
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80.  Some  engineers  prefer  to  use  a  so-called  prater 
arcli  instead  of  a  protected  arch  plate.  There  are  a  number 
of  designs  of  this  device  on  the  market,  one  of  which  is 
shown  in  Fig.  47.  This  consists  of  three  steel  boiler  tubes 
shown  at  a,  expanded  into  headers  b,  b,  and  connected  to  the 
water  space  of  the  boiler  by  the  pipe  c  and  to  the  steam 
space  by  the  pipe  d.  The  tubes  at  a  are  set  at  an  inclination, 
as  shown,  being  higher  at  the  end  connected  to  the  steam 
space,  in  order  to  allow  the  steam  generated  to  escape 
readily.  A  blow-off  e  is  fitted  to  the  lower  header  for  blow- 
ing out  mud  and  sediment.  The  firebrick  lining  of  the  front 
and  over  the  fire-door  is  carried  on  the  tubes  at  a. 

81.  It  is  sometimes  considered  desirable  to  protect  the 
sides  of  the  fire-door  opening  with  cast-iron  plates,  arranging 
them  as  shown  in  the  plan  view  of  a  furnace  mouth  given  in 
Fig.  48,  where  a,  a  are  ^y^^^^ 
the  plates  mentioned, 
which  are  known  as 
check  plates.  In  the 
illustration,  the  dead 
plate  is  shown  at  b  and 
the  grate  at  c.  Some 
makers  combine  the 
dead  plate,  arch  plate,  fio.48 

and  cheek  plates  into  one  casting.  The  objection  to  this  is 
that  the  whole  casting  has  to  be  thrown  away  when  only  one 
part,  as,  for  instance,  one  of  the  cheek  plates,  is  burned  out. 

82.  The  sides  of  the  furnace  mouth  should  taper  from 
the  fire-door  opening  to  the  sides  of  the  furnace,  as  shown  in 
Fig.  48.  The  ashes  and  clinkers  can  then  be  easily  removed, 
since  there  is  no  place  in  the  furnace  mouth  that  cannot  be 
readily  reached.  

BRIDGE 

83.  The  bridflre  is  a  low  wall  at  the  back  end  of  the 
grate;  it  forms  the  rear  end  of  the  furnace.  It  is  usually 
built  of  firebrick,  though  in  some  cases  it  is  made  of  wrought 
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iron,  with  an  interior  water  space  communicating  with  the 
inside  of  the  boiler.  The  office  of  the  bridge  is  to  bring 
the  flame  in  close  contact  with  the  heating  surface  of  the 
boiler.  The  passage  between  the  bridge  and  boiler  shell 
should  not  be  too  small;  its  area  may  be  approximately  one- 
sixth  the  area  of  the  grate.  Likewise,  the  space  between 
the  grate  and  shell  should  be  ample  for  complete  combus- 
tion. Professor  Thurston  advises  that  the  distance  between 
grate  and  boiler  shell  should  be  one-half  the  diameter  of 
the  shell.  

SUPPORTS    FOR    HORIZONTAL.    BOILERS 

84.  Boilers  of  the  horizontal  return-tubular  type  are  sup- 
ported by  cast-iron  brackets  riveted  to  the  shell  and  resting 
on  iron  plates  embedded  in  the  side  walls,  or  by  straps 
riveted  to  the  shell  and  attached  to  overhead  girders  sup- 
ported by  the  side  walls,  or  by  the  boiler  front  at  the  front 
end  and  a  saddle  or  chair  below  the  rear  end. 

85.  When  brackets  are  used,  two  are  placed  at  each 
side,  one  set  near  the  front  end  and  one  near  the  rear  end. 
These  brackets,  in  the  best  modern  practice,  are  placed  above 
the  fire-line  and  protected  by  firebrick,  it  being  inadvisable 
to  expose  them  to  fire,  owing  to  the  risk  of  burning  them 
off.  Rollers  are  generally  placed  between  the  brackets  and 
the  plates  they  rest  on,  to  provide  for  easy  expansion  and 
contraction.  It  is  a  general  and  good  rule  to  set  the  boiler 
so  that  its  expansion  and  contraction  will  not  disturb  the 
brick  setting;  in  other  words,  the  boiler  should  never  be 
tied  to  the  brickwork. 

86.  The  method  of  supporting  boilers  by  straps  from 
overhead  girders  is  used  today  chiefly  for  boilers  set  in  a 
nest,  i.  e.,  several  boilers  over  a  common  furnace.  Occa- 
sionally this  method  is  employed  for  single  boilers  for  the 
purpose  of  relieving:  the  brickwork  of  the  weight  of  the 
boiler  and  its  contained  water.  The  overhead  girders  are 
then  supported  on  cast-iron  or  steel  columns.  This  makes 
a  somewhat  expensive  setting,  which  is  claimed,  however, 


§26 


BOILER  FITTINGS 


55 


to  be  more  free  from  liability  to  crack   than   the   setting 
receiving  the  weight  of  the  boiler. 

87.  There  are  grave  objections  to  supporting  the  boiler 
by  the  boiler  front  and  in  a  saddle  at  the  rear.  In  the  first 
place,  the  boiler  front  is  a  thin  and  large  casting  of  a  shape 
poorly  adapted  to  bear  a  heavy  load,  as  that  due  to  the 
weight  of  the  boiler  and  its  water,  without  buckling  and 
consequent  danger  of  breaking  finally.  In  the  second  place, 
the  chair  at  the  rear  end  is  exposed  directly  to  the  fire  and 
will  burn  out  in  course  of  time,  allowing  the  rear  end  of  the 
boiler  to  drop,  which  may  cause  an  explosion  or  loss  of  life 
through  the  breaking  of  the  steam  pipe. 


CHIMNEY  FITTINGS 


8MOKE-P1PE    CONNECTIONS 

88.  The  gases  of  combustion  are  conveyed  from  the 
boiler  to  the  chimney  either  by  a  smoke  pipe,  generally  made 
of  sheet  iron,  or  by  a  brick  flue.  For  small  heating  boilers, 
a  smoke  pipe  is  generally 
used.  A  common  method 
of  connecting  a  small  heat- 
ing boiler  to  a  chimney  is 
shown  in  Fig.  49.  The 
smoke  pipe  a  has  a  T  ^ 
on  the  bottom  which  has 
a  removable  cover  r,  gen- 
erally called  a  clean-out^ 
through  which  soot  is 
removed.  Another  clean- 
out  d  allows  the  soot  to  p»g  49 

be  removed  from  the  horizontal  pipe  leading  to  the  chim- 
ney. A  damper  e  is  placed  in  the  smoke  pipe  in  any  con- 
venient position. 

89.  Fire  laws  require  smoke  pipes  to  be  kept  at  least 
12  inches  away  from  all  ceilings  and  woodwork,  and  to  be 
protect$4  or  covered  with  non-conducting  covering  where 
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they  are  placed  nearer  than  this;  or,  the  smoke  pipe  can  be 
made  with  a  circulating  air  space  by  enclosing  it  in  sheet 
iron.  Where  the  pipe  passes  through  the  roofs  or  wood  par- 
titions, it  should  be  fitted  with  a  collar  at  least  12  inches  in 
diameter  larger  than  the  pipe,  with  a  circulating  hood  or 
opening,  so  that  the  air  has  free  access. 

90.  For  most  high-pressure  boilers,  the  smoke  pipe  is  a 
simple  round  pipe,  which  should  have  an  area  at  least  15  per 
cent,  larger  than  the  combined  area  of  the  boiler  tubes. 
When  boilers  are  in  a  battery  and  connected  to  the  same 
chimney,  the  different  boilers  are  first  united  to  a  common 
duct  a,  Fig.  50,  by  branches  by  d;  the  duct  a  and  branches  d,  b 
are  spoken  of  as  the  breeching.  Each  branch  must  be  pro- 
vided with  its  own  damper,  the  handles  of  which  are  shown 
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at  c.  The  chimney  is  either  placed  directly  on  top  of  the 
duct  a,  as  shown  in  the  illustration,  or  a  smoke  pipe  is  led 
from  the  breeching  to  the  chimney.  Breechings  are  made  in 
many  forms  to  suit  the  existing  conditions;  the  illustration 
given  will  serve  as  a  suggestion.  The  area  of  the  duct 
should  equal  the  combined  area  of  the  branches;  and  the 
branches  should  have  an  area  about  15  per  cent,  larger  than 
the  combined  area  of  the  tubes. 

91,     When  a  brick-set  boiler  is  so  placed  that  its  rear  end 
adjoins  a  brick  chimney,  a  brick  flue  is  often  placed  on  top 
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of  the  boiler  and  joined  directly  to  the  chimney.  This  method 
may  be  employed  where  headroom  is  too  limited  to  admit 
an  iron  breeching  and  smoke  pipe. 

92.  Smoke  pipes,  as  well  as  exposed  parts  of  the  boiler, 
should  always  be  covered  with  somd^  good  non-conducting 
material  to  prevent  loss  of  heat.  Boiler  and  smoke-pipe 
coverings  are  similar  to  the  regulation  pipe  coverings,  and 
are  made  in  block  shape  from  1  to  3  inches  thick.  They  are 
applied  to  the  exposed  shell  of  the  boiler,  or  to  smoke  flues, 
by  securing  them  with  wire,  and  then  plastering  over  them 
to  make  a  smooth  air-tight  finish.  Plastic  asbestos  is  also 
used.  A  thin  coat  of  the  latter  is  placed  on  the  shell  of  the 
boiler  or  smoke  pipe,  and  then  ordinary  coarse  wire  mesh  is 
bound  around  and  fastened  to  bond  the  material,  after  which 
a  hard  thick  coat  is  plastered  and  troweled  smooth. 

Some  coverings  are  put  on  over  an  air  space,  this  method 
not  only  insuring  the  most  perfect  insulation,  but  also  pre- 
venting the  impurities  sometimes  found  in  the  covering 
composition  from  rusting  the  boiler.  Metal  lath  is  placed 
against  the  shell,  or  wire  lathing  may  be  used,  with  spacing 
nipples  or  bars.  On  this  lathing  the  blocks,  or  plastic  cover- 
ing material,  are  placed  and  secured,  and  a  hard  outer  coat 
is  then  applied. 

93.  Loss  of  heat  from  cylindrical  boilers  may  be  pre- 
vented by  arching  them  over  with  brickwork,  with  an  air 
space  of  1  inch  between  the  shell  and  the  enclosing  brick- 
work. A  more  convenient  and  practically  as  effective  way 
is  to  cover  the  boiler  with  dry  loam  to  a  depth  of  from 
4  to  6  inches.  This  covering  may  readily  be  removed  for 
inspection  or  repairs. 

DAMPER    REGULATORS 

94.  In  many  steam-heating  installations  and  steam-power 
plants  it  is  desirable  that  the  steam  pressure  be  kept  practi- 
cally uniform.  For  this  purpose  damper  regulators  have 
been  designed,  which,  operating  on  a  change  of  the  steam 
pressure  in  the  boiler,  automatically  control  the  position  of 
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the  damper  and  thus  regulate  the  volume  of  gases  passing 
into  the  chimney.  This  in  turn  regulates  the  intensity  of  the 
fire  and  the  generation  of  steam. 

Damper  regulators  may  be  divided  into  four  general 
classes: 

1.  Steam-actuated  regulators,  where  the  motion  of  a  dia- 
phragm under  variation  of  steam  pressure  is  transmitted 
either  directly  or  through  some  multiplying  device  to  the 
damper. 

2.  Steam-actuated  regulators,  where  a  piston  is  subjected 
directly  to  the  boiler  pressure,  and  moving  under  a  variation  of 
pressure  turns  the  damper  by  means  of  suitable  connections. 

3.  Steam-actuated  regulators,  where  the  steam  in  acting 
on  a  diaphragm  causes  a  displacement  of  a  valve,  which 
admits  steam  into  a  cylinder,  the  piston  of  which  is  con- 
nected to  a  damper. 

4.  Hydraulically-operated  regulators,  where  the  move- 
ment of  a  diaphragm  under  variation  of  the  steam  pressure 
operates  an  admission  valve,  admitting  water  under  pressure 
to  a  cylinder,  the  piston  of  which  is  connected  to  the  damper. 

95,  Damper  regulators  of  the  first  class  are  relatively 
simple  and  inexpensive,  and  well  adapted  for  low-pressure 
heating  work,  giving  a  regulation  close  enough  for  the 
purpose. 

The  second  class  of  regulators  is  cheap  and  simple;  it  is 
adapted  for  high-pressure  work,  but  will  not  give  a  very 
close  regulation,  owing  to  the  fact  that  any  variation  in 
steam  pressure  sufficient  to  operate  the  device  will  cause  the 
piston  to  move  its  whole  length  of  stroke.  This,  in  turn, 
causes  the  dampers  to  be  either  wide  open  or  completely 
closed. 

Regulators  of  the  third  class  will  regulate  very  closely, 
the  makers  of  some  such  regulators  guaranteeing  that  the 
motion  of  the  damper  from  one  direction  to  the  other  will 
change  with  a  variation  of  steam  pressure  of  J  pound  per 
square  inch,  either  way,  from  the  point  at  which  it  is  set 
to  operate. 
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Regulators  of  the  fourth  class  will  also  regulate  very 
closely.  Being  dependent  on  water  under  pressure  for  their 
action,  their  application  is  limited  to  places  where  they  can 
be  connected  either  to  a  city  water  service  or  to  a  tank 
sufficiently  high  above  the  regulator  to  give  the  required 
pressure.  They  are  sometimes  connected  directly  to  the 
water  space  of  a  boiler;  while  the  damper  regulator  will 
operate  when  so  connected,  this  method  is  open  to  the 
objection  that  it  results  in  a  waste  of  heat  that  may  be 
quite  large. 

96,  A  regulator  of  the  first  class  is  shown  in  section  in 
Fig.  51,  and  its  application  to  a  small  heating  boiler 
in  Fig.  52.  The  regulator  itself  is  composed  of  two  bowl- 
shaped  castings  a  and  b,  the  lower  one  of  which  has  a  cup- 
like extension  c  to  hold  water.  A  soft-rubber  diaphragm  i, 
is  bolted  between  a  and  b,    A  stem  e  with  an  enlarged  head 
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rests  on  the  diaphragm  and  is  attached  to  the  lever  /having 
its  fulcrum  at  g,  A  heavy  weight  //  is  movable  along  the 
lever,  and  determines,  by  its  position,  the  pressure  at  which 
the  device  will  operate.  C)ne  end  of  the  lever  is  connected 
by  the  chain  /  to  the  ash-pit  damper  y,  Fig.  52,  while  the 
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other  end  is  connected  by  the  chain  k  to  the  check-damper  i. 
Fig.  52.  The  chains  are  made  of  such  a  length  that  both 
dampers  are  just  closed  when  the  lever  of  the  regulator  is 
level.  The  bottom  of  the  regulator  is  connected  with  the 
water  space  of  the  boiler  by  the  pipe  m.  The  object  of  con- 
necting the  regulator  to  the  water  space  is  to  prevent  steam 
from  coming  in  contact  with  the  rubber  diaphragm,  which 
would  rapidly  be  destroyed.  The  steam  pressure  forces  the 
water  up  the  pipe  m  into  the  space  below  the  diaphragm; 
the  radiation  of  heat  from  the  lower  casting  keeps  this  water 

cool,  which  prolongs  the  life 
of  the  diaphragm. 

The  operation  of  the  reg- 
ulator is  as  follows:  The 
steam  pressure  being  trans* 
mitted  to  the  under  side  of 
the  diaphragm,  bulges  the 
latter,  as  shown  in  Fig.  61, 
and  raises  it  until  the  down- 
ward force  exerted  by  the 
weight  and  the  tension  in  the 
rubber  is  equal  to  the  up- 
ward force  due  to  the  boiler 
pr essu  r e .  I  f  th  e  bo  i  1  e  r  pres- 
sure rises,  the  diaphragm  is 
forced  up  until  the  down- 
ward force  due  to  the  effect 
of  the  weight  and  the  in- 
creased tension  of  the  rubber  diaphragm  balances  the 
increased  pressure.  This  upward  motion  of  the  diaphragm 
rotates  the  lever,  which  partly  closes  the  ash-pit  damper  /. 
If  the  pressure  in  the  boiler  continues  to  rise,  the  diaphragm 
moves  farther  upwards  and  consequently  the  ash-pit  damper 
is  closed  still  farther,  and  finally  the  check*damper  /  is  opened* 
If  the  steam  pressure  falls  below  what  the  damper  regulator 
is  set  for,  as  determined  by  the  position  of  the  weight  on 
the  lever,  the  check-damper  is  closed  and  the  ash-pit  damper 
is  opened* 
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97,  Damper  regulators  of  the  class  shown  in  Fig.  61  can 
be  obtained  with  a  flexible  metallic  diaphragm,  which  will 
greatly  outlast  a  rubber  diaphragm. 

98,  A  regulator  of  the  second  class,  known  as  a  piston 
regulator,  is  shown  in  Fig.  63.  The  cylinder  a  contains  a  pis- 
ton that  has  the  full  steam  pressure  beneath  it.  The  piston 
rod  b  is  connected  to  the  dampers  by  suit- 
able chains  and  pulleys,  and  the  pressure 
on  the  piston  is  balanced  by  the  weights  d. 
When  the  steam  pressure  overbalances  the 
weights,  or  the  reverse,  the  piston  may 
travel  from  one  end  of  its  stroke  to  the 
other,  thus  opening  the  dampers  wide  or 
closing  them  entirely. 

99,  The  Spencer  hydraulic  damper  reg- 
ulator, shown  in  Fig.  54,  belongs  to  the 
fourth  class.  The  diaphragm  chamber  b 
contains  a  flexible  diaphragm  dividing  the 
chamber  into  two  parts.  The  under  part 
is  filled  with  water  that  is  subjected  to  the 
boiler  pressure  through  the  steam  pipe  d.  ^ 
The  diaphragm  tends  to  move  upwards  ffi 
under  the  influence  of  the  steam  pressure, 
but  its  upward  motion  is  resisted  by  the 
downward  force  exerted  by  the  weighted 
lever  c.  The  weights  on  this  lever  are  so 
adjusted  that  it  will  occupy  a  position  mid- 
way between  its  two  extreme  positions 
when  the  steam  pressure  in  the  boiler  is  ex- 
actly at  the  point  at  which  it  is  to  be  carried. 
A  secondary  lever  /  is  hinged  at  /'  to  the 
free  end  T)f  c\  this  secondary  lever  is  fulcrumed  at  m.  At  g^ 
the  valve  stem  of  the  operating  valve  is  attached  to  it.  This 
valve  works  inside  of  the  piston  closely  fitted  to  the  stationary 
cylinder  h  and  serves  to  admit  water  under  pressure  to  either 
side  of  the  piston.  The  piston  rod  passes  through  both  heads 
of  the  cylinder  h\  at  its  lower  extremity  it  is  connected  to  the 
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lever  t  pivoted  at  /'♦  which,  through  the  medium  of  the  connect- 
ing-rod j\  transmits  any  motion  ot  the  pision  to  the  damper. 
Let  the  steam  pressure  rise  above  that  for  which  the  damper 
is  set.  Then  the  diaphragm  and  the  free  end  of  the  lever  c 
move  upwards.  The  lever/,  being  connected  at  one  end  at  c. 
swings  upwards  around  m  as  a  fulcrum;  this  raises  the  valve 
inside  of  //  and  thus  admits  water  under  pressure  to  the 
bottom  of  the  piston  in  k.  At  the  same  time,  the  valve  places 
the  upper  side  of  the  cylinder  in  communication  with  the 


water-escape  pipe*  In  consequence  thereof »  the  piston 
ascends  and  pulls  the  lever  t  upwards »  w^hich  in  turn  rotates 
the  damper  k,  closing  it  still  farther.  Now»  as  soon  as  the 
piston  commences  to  ascend,  m  is  moved  upwards  and  the 
lever  /swings  aroimd  f  as  a  fulcrum;  this  causes  the  valve 
in  the  piston  to  move  downwards  in  relation  to  the  piston, 
thus  closing  the  water-supply  port  and  holding  the  piston  in 
its  new  position. 
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When  the  steam  pressure  falls  below  the  normal  pressiire, 
the  levers  c  and  /  descend,  and  as  /  swings  around  m,  the  valve 
also  descends,  placing  the  upper  side  of  the  piston  in  communi- 
cation with  the  water  supply  and 
the  under  side  in  communication 
with  the  water-escape  pipe.  Then 
the  piston  descends  and  the  damper 
opens.  But  /  now  swings  arotmd  /', 
and  thus  causes  the  valve  to  ascend 
in  relation  to  the  piston,  which  is 
then  brought  to  rest. 

lOO,  The  cylinder  h  is  shown 
in  section  in  Fig.  66.  The  piston  is 
made  water-tight  by  the  cup-leather 
packing  rings  r,  r.  The  water  under 
pressure  enters  through  the  supply 
pipe  a  and  surrounds  the  piston, 
entering  through  a  small  port  into 
the  central  valve  chamber  and  then 
surrounding  the  central  port  of  the 
piston  valve  /.  When  the  valve 
moves  upwards,  it  uncovers  the 
ports  e!  and  e\  the  water  under  pres- 
sure flows  through  e!  into  the  lower 
part  of  the  cylinder;  at  the  same 
time  the  water  in  the  upper  parts 
flows  through  e  into  the  hollow 
piston  rod  s  and  out  at  /.  The 
resultant  motion  of  the  piston  then 
returns  the  valve  to  the  central 
position  shown.  If  the  valve 
descends,  it  admits  the  water  into 
the  port  e  and  allows  the  water  in 
the  lower  half  of  the  cylinder  to 
escape  through  ef  into  s!,  which,  through  a  by-pass  port 
not  shown,  communicates  with  s.  The  descent  of  the  piston 
again  returns  the  valve  to  its  central  position. 
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HEAT,  COMBUSTION,  AND  STEAM 
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D£FINIT10NS    AND    EXPLANATIONS 

1.  Nature  of  Heat. — All  modem  scientists  and  investi- 
gators agree  that  heat  is  a  form  of  energy.  It  is  conceived  to 
be  a  motion  of  the  molecules  composing  matter.  All  matter 
is  composed  of  molecules,  which,  according  to  the  generally 
accepted  theory,  are  not  in  a  state  of  rest,  but  are  moving  or 
vibrating  back  and  forth  with  a  greater  or  less  velocity.  It 
is  this  movement  of  the  molecules  that  is  generally  believed 
to  cause  the  sensations  of  warmth  and  cold;  if  the  motion  is 
slow,  the  body  feels  cold;  whereas,  if  the  motion  is  rapid, 
the  body  feels  warm.  Since  a  body  in  motion  has  kinetic 
energy  and  since  the  molecules  composing  matter  are  sup- 
posed to  be  in  motion,  each  molecule  possesses  kinetic  energy; 
hence,  heat  may  be  conceived  to  be  a  foi*m  of  energy. 

2.  Temperature. — If  a  body  is  heated  and  brought  near 
the  hand,  the  sensation  of  warmth  is  felt;  if  heat  is  removed 
from  this  same  body  and  it  is  again  brought  near  the  hand, 
the  sensation  of  cold  is  felt.  The  heat  that  thus  manifests 
itself  is  called  sensible  heat,  because  any  change  to  a  hotter 
or  colder  state  is  indicated  at  once  by  the  sense  of  feeling,  or 
by  the  aid  of  instruments  called  thermometers.  The  more 
sensible  heat  a  )>ody  possesses,  the  hotter  it  is;  the  more 
sensible  heat  that  is  taken  away  from  it,  the  colder  it  is. 
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The  amount  of  sensible  heat  that  a  body  may  happen  to  pos- 
sess is  indicated  by  the  word  temperature. 

The  temperature  is  not  a  measure  of  the  qiiajitity  of  heat  a 
body  possesses.  Temperature  may  be  considered  to  be  a 
measure  of  the  velocity  with  which  the  molecules  of  a  body 
vibrate  to  and  fro,  while  the  quantity  of  heat  may  be  con- 
sidered to  be  the  total  energy  of  the  molecules  composing 
the  body.  A  small  iron  rod  may  be  heated  to  whiteness  and 
yet  possess  a  very  small  quantity  of  heat.  Its  temperature 
is  very  high,  but  this  simply  indicates  that  the  molecules  of 
the  rod  are  vibrating  with  an  extremely  high  velocity.  An 
iron  ball  1  foot  in  diameter  and  an  iron  ball  1  inch  in  diameter 
may  have  exactly  the  same  temperature ^  but  the  larger  ball 
will  have  by  far  the  greater  quantity  of  heat. 

3,  The  thermometer  employed  for  measuring  the  usual 
temperatures  consists  of  a  thin  glass  tube,  at  one  end  of  which 
is  a  bulb  filled  with  mercury.  On  being  heated,  the  mercury 
expands  in  proportion  to  the  rise  of  temper-- 
ature.  Thermometers  are  graduated  in  dif- 
ferent ways.  In  the  Fahrenheit  thermometer, 
which  is  the  one  generally  used  in  English- 
speaking  countries,  the  point  where  the  mer- 
cury stands  when  the  instrument  is  placed  in 
melting  ice  is  marked  32°.  The  point  indi- 
cated by  the  mercury  when  the  thermometer 
is  placed  in  water  boiling  in  the  open  air  at 
the  level  of  the  sea  is  marked  212°.  The 
tube  between  these  two  points  is  divided  into 
180  equal  parts,  called  deijrrees. 

4.  Kffects  of  Heat. — Consider  a  cylin- 
der. Fig.  1,  fitted  with  a  piston  and  filled  with 
water.  If  this  water  is,  say,  at  the  freezing 
point  the  molecules  composing  the  water  are 
moving  to  and  fro  with  a  comparatively  small  velocity.  Place 
the  vessel  over  a  fire  or  furnace.  Heat  is  communicated 
to  the  molecules  of  water,  and  they  begin  to  move  faster 
and  faster;   hence,  their  kinetic  energy  increases,  and  if  a 
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thermometer  is  inserted  in  the  vessel,  it  will  be  found  that 
the  temperature  of  the  water  rises.  Consequently,  one  effect 
of  heat  is  to  raise  the  temperature  of  the  body  to  which  it  is 
applied.  But,  after  reaching  a  certain  temperature,  the  mol- 
ecules of  the  water  not  only  move  faster,  but  they  move 
farther  from  each  other,  and  their  paths  are  longer.  It  is 
plain  that  if  the  molecules  are  farther  apart  than  they  were 
originally,  the  whole  body  of  them  must  take  up  more  space. 
In  other  words,  after  reaching  a  certain  temperatiu-e,  the 
water  expands  as  heat  is  added.  Hence,  another  effect  of 
heat  is  to  cause  bodies  to  expand.  Common  examples  of 
the  expansion  of  bodies  by  heat  are  the  lengthening  of  steam 
pipes  and  hot-water  pipes  when  heated. 

5,  The  heat  supplied  to  the  vessel  of  water  has  so  far 
done  three  things:  (1)  It  has  raised  the  temperature  of  the 
water  and  thus  has  increased  the  kinetic  energy  of  the  mol- 
ecules. Let  the  amount  of  heat  expended  for  this  purpose  be 
denoted  by  5.  (2)  A  certain  quantity  of  heat  has  been  used 
in  expanding  the  water,  that  is,  in  pushing  the  molecules 
farther  apart  against  the  force  of  cohesion.  Denote  the 
amount  of  heat  so  expended  by  /.  (3)  Since  the  water 
expands,  it  must  raise  the  piston  P  against  the  pressure  of 
the  atmosphere,  and  consequently  more  heat  must  be  used 
to  expand  the  water  than  would  be  required  if  there  were  no 
pressure  on  the  upper  side  of  the  piston.  Call  this  extra 
quantity  of  heat  W. 

If  the  total  quantity  of  heat  given  to  the  vessel  of  water  is 
denoted  by  Q^  it  will  be  plain  that 

Q^  5+/+  W 

Ordinarily,  the  greater  part  of  the  heat  given  to  a  body 
is  expended  in  raising  its  temperature,  and  but  little  is  used 
in  expanding  the  body.  That  is,  the  quantity  5  is  nearly 
equal  to  the  quantity  Q,  while  the  quantities  /  and  W  are 
extremely  small. 

6.  Suppose  that  the  piston  in  Fig.  1  is  removed  from  the 
cylinder,  so  that  the  water  will  be  in  contact  with  the  atmos- 
phere, and  that  a  thermometer  is  inserted,  the  experiment 
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being  supposed  to  be  performed  at  sea  level  at  the  normal 
atmospheric  pressure  of  30  inches.  As  the  water  becomes 
more  and  more  heated,  the  temperature  indicated  by  the 
thermometer  will  rise  until  it  reaches  212°.  So  far,  most  of 
the  heat  has  been  used  to  raise  the  temperature  of  the  water. 
But  now,  no  matter  how  much  heat  is  added  to  the  water,  the 
mercury  stands  at  212°  and  cannot  be  made  to  rise  higher. 
This  is  the  reason:  When  the  temperature  reaches  212°,  the 
molecules  of  water  have  been  set  into  such  rapid  motion  that 
the  force  of  cohesion  is  no  longer  able  to  hold  them  and 
they  tend  to  separate.  In  other  words,  the  water  changes 
to  a  gas  (steam),  and  all  the  heat  is  being  used  to  effect  this 
change.  The  temperature  of  the  steam  will  remain  at  212° 
until  all  water  is  changed  to  steam;  then,  if  the  steam  is  con- 
fined and  more  heat  is  applied,  the  temperature  of  the  steam 
will  begin  to  rise. 

Take  a  block  of  ice  at  a  temperature  of,  say,  14°  and  heat 
it.  If  a  thermometer  is  placed  in  contact  with  the  ice,  the 
mercury  will  rise  until  it  reaches  32°  and  will  then  remain 
stationary.  As  soon  as  this  temperature  is  reached,  the  ice 
begins  to  melt,  or  change  to  water,  and  the  heat,  instead  of 
raising  the  temperature  farther,  is  used  to  effect  this  change 
of  state.  Here,  then,  is  another  effect  produced  by  heat.  It 
will  change  a  solid  to  a  liquid  or  a  liquid  to  a  gas.  The 
heat  that  is  expended  in  changing  a  body  from  the  solid  to 
the  liquid  state  or  from  the  liquid  to  the  gaseous  state  is 
called  Intent  heat,  to  distinguish  it  from  sensible  heat, 
which  is  that  portion  of  the  heat  applied  that  raises  temper- 
ature and  therefore  is  indicated  by  the  thermometer. 

7.  By  a  study  of  the  results  of  applying  heat  to  the  sub- 
stances that  have  just  been  considered,,  it  is  seen  that  the 
most  commonly  observed  effects  of  heat  are:  ( 1 )  It  increases 
the  rate  of  motion  of  the  molecules,  an  effect  that  is  indicated 
by  an  increase  in  temperature.  (2)  It  increases  the  lengths 
of  the  paths  of,  and  the  distance  between,  the  molecules, 
thus  causing  the  body  to  expand  and  fill  a  greater  space. 
(8)   It  overcomes  the  attractive  forces  that  tend  to  hold  the 
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molecules  of  a  substance  together,  and  thus  changes  it  from 
a  solid  to  a  liquid  or  from  a  liquid  to  a  gas,  according  to  the 
state  it  was  in  when  the  heat  was  applied. 

The  second  statement  of  this  summary,  while  generally 
true,  is  subject  to  exceptions,  the  most  notable  one  of  which 
is  water,  which  in  rising  from  a  temperature  of  32°  Fahren- 
heit to  a  temperature  of  39.2°  contracts  instead  of  expands. 

8,  Unit  Quuntity  of  noat. — Since  heat  is  not  a  sub- 
stance, it  cannot  be  measured  directly  in  pounds  or  quarts; 
but,  like  force,  it  may  be  measured  by  the  effects  it  produces. 
Suppose  that  a  certain  quantity  of  heat  raises  the  tempera- 
ture of  1  pound  of  water  from  52°  to  53°  F.;  it  will  take 
practically  the  same  quantity  of  heat  to  raise  that  pound 
from  53°  to  54°,  and  therefore  it  will  take  nearly  double  that 
quantity  to  raise  the  temperature  of  1  pound  of  water  from 
52°  to  54°.  The  unit  quantity  of  heat  is  the  quantity 
required  to  raise  the  temperature  of  a  pound  of  water  from 
62°  to  63°;  it  is  called  the  British  tbermal  unit,  and  is 
abbreviated  to  B.  T.  U. 

For  temperatures  above  63°,  it  takes  slightly  more  than 
1  British  thermal  unit  to  produce  a  change  of  1°  in  1  pound 
of  water,  the  difference  increasing  the  farther  the  tempera- 
ture is  from  63°.  For  temperatures  below  62°,  it  takes 
slightly  less  than  1  British  thermal  unit  to  produce  a  change 
of  1°  in  1  pound  of  water;  and,  as  before,  the  difference  is 
greater  the  farther  the  temperature  is  from  62°.  Thus,  it 
will  take  more  heat  to  raise  the  temperature  of  1  pound  of 
water  from  75°  to  76°  than  it  will  to  raise  it  from  74°  to  75°. 
Conversely,  it  will  take  less  heat  to  raise  the  temperature  of 
1  pound  of  water  from  42°  to  43°  than  to  raise  it  from  43°  to 
44°.  However,  the  difference  between  the  actual  British  ther- 
mal unit,  as  defined  above,  and  the  quantity  of  heat  required 
to  change  the  temperature  of  1  pound  of  water  1°  for  any 
other  temperature  is  so  small  that,  for  all  ordinary  purposes, 
it  may  be  assumed  that  it  takes  1  British  thermal  unit  to  pro- 
duce a  change  of  1°  F.  in  the  temperature  of  1  pound  of  water 
for  all  temperatures  likely  to  be  met  in  practice. 
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9,  llclatloii  Between  Heat  and  Work. — Suppose  that, 
in  the  experiment  shown  in  Fig.  1,  the  piston  had  been 
allowed  to  remain  in  the  cylinder  while  the  water  was  being 
changed  to  steam.  Steam  at  212°  occupies  nearly  1,700 
times  the  space  that  the  water  originally  occupied;  hence,  the 
piston  would  be  lifted  in  the  cylinder  to  give  room  for  the 
steam  that  was  being  formed.  But,  to  raise  the  piston 
requires  work.  Here,  then,  is  an  example  of  work  being 
performed  by  heat.  On  the  other  hand,  work  will  produce 
heat.  If  two  blocks  of  wood  are  rubbed  briskly  together, 
they  will  become  warm,  and  may  even  ignite.  The  work 
done  in  overcoming  friction  causes  the  journals  and  bearings 
of  fast-running  machines  to  heat.  A  small  iron  rod  may  be 
heated  to  redness  by  pounding  it  on  an  anvil. 

Since  work  may  be  changed  into  heat  and  heat  into  work, 
it  seemed  probable  to  scientists  that  there  existed  some  fixed 
ratio  between  the  British  thermal  unit  and  the  unit  of  work, 
the  foot-pound.  By  a  series  of  careful  experiments,  Doctor 
Joule,  of  England,  discovered  this  ratio.  He  found  that 
1  British  thermal  unit  is  equivalent  to  772  foot-pounds;  later 
and  more  careful  experiments  show  that  778  foot-pounds  is 
more  nearly  correct.  This  number,  778  foot-pounds,  is  called 
the  meeliaiiioal  equivalent  of  1  British  thermal  unit. 

The  foregoing  statements  may  be  summed  up  as  fol- 
lows: Heat  may  be  changed  to  work  or  work  to  heat; 
778  foot-pounds  of  work  is  required  to  produce  1,  British 
thermal  unit;  and,  conversely,  the  expenditure  of  1  Brit- 
ish thermal  unit  produces  778  foot-pounds  of  work. 

10.  Specific  Heat. — One  British  thermal  unit  raises 
the  temperature  of  1  pound  of  water  1°;  will  it  have  the 
same  eflfect  on  a  pound  of  mercury?  Heat  two  1-pound  iron 
balls  to  the  temperature  of  boiling  water,  212°;  having  now 
the  same  weights  and  temperatures,  each  ball  has  the  same 
quantity  of  heat.  Place  one  of  these  balls  in  a  vessel,  into 
which  slowly  pour  enough  water  having  a  temperature  of 
GO*^  so  that  the  iron  will  be  cooled  to  70°  while  the  water  is 
heated  to  the  same  temperature.     Now  place  the  other  hot 
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ball  in  another  vessel,  into  which  pour  mercury  having  a 
temperature  of  60°,  until  the  iron  and  mercury  reach  a 
common  temperature  of  70°.  In  each  case  the  hot  ball  will 
have  been  cooled  from  212°  to  70°,  and  therefore  each  will 
have  jjiven  up  the  same  quantity  of  heat.  When,  however, 
the  effects  produced  by  the  heat  are  considered,  it  is  found 
that  what  has  been  given  off  by  one  ball  has  raised  nearly 
1.62  pounds  of  water  10°;  that  given  off  by  the  other  ball, 
which,  it  will  be  remembered,  is  the  same  amount  as  in 
the  first  case,  has  raised  48.5  pounds  of  mercury  (or  nearly 
30  times  more  mercury  than  water)  the  same  number  of 
degrees.  It  is  plain,  therefore,  that  to  raise  1  pound  of 
mercury  from  62°  to  63°  requires  one-thirtieth  the  heat 
necessary  to  raise  1  pound  of  water  from  62°  to  63°. 

The  ratio  between  the  quantity  of  heat  required  to  warm  a 
body  1°  and  the  quantity  of  heat  required  to  warm  an  equal 
weight  of  water  1°  is  called  the  specific  lieat  of  that  body. 
It  is  always  expressed  by  giving,  decimally,  the  value  of  the 
ratio;  thus,  the  specific  heat  of  mercury  is  ^*o  =  .0333. 

Kulo  I, — To  find  the  number  of  British  thermal  units 
required  to  raise^  or  to  be  abstracted  to  lower,  the  temperature  of 
a  body  a  given  number  of  degrees,  multiply  the  specific  heat 
of  the  body  by  its  weighty  in  pounds,  and  by  the  number  of 
degrees  Fahrenheit, 

Or,  U  ^  c  W(U  -  /) 

where    U  =  number  of  British  thermal  units; 
c  =  specific  heat; 
W  =  weight,  in  pounds; 
/»  =  higher  temperature; 
/  =  lower  temperature. 

Example  1. — How  many  British  thermal  units  are  required  to  raise 
20  pounds  of  lead  from  50°  to  400°,  the  specific  heat  of  lead  being  .0314? 

Solution. — Substituting  values  in  the  formula  just  given, 
U  =  .0314  X  20  X(400  -  50)  =  219.8  B.  T.  U.    Ans. 

Rule  II. — To  fifid  the  weight,  in  pounds,  of  a  given  sub- 
stance that  can  be  changed  from  one  temperature  to  another  by 
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the  application  or  absiractiofi  of  a  certain  amount  of  heat^  divide 
the  number  of  British  thermal  units  by  the  product  of  the  specific 
heat  of  the  substafue  and  the  temperature  difference^  in  degrees 
Fahrenheit. 

Or,  W=  -7-^—T 

c{t,  -  t) 

where  the  letters  have  the  same  meaning  as  in  the  formula 
corresponding  to  rule  I. 

Example  2. — The  specific  heat  of  air  being  .2375,  how  many  pounds 
of  air  can  be  raised  1°  F.  by  1  British  thermal  unit? 

Solution. -^Substituting  values  in  the  formula, 

'*'  =  :^7.5  xi  =  ''''  '"•  ^"^- 

11.  The  specific  heat  of  various  substances  is  given  in 
Table  I,  which  shows  that  the  amount  of  heat  that  would  be 
required  to  raise  the  temperature  of  1  pound  of  water  would 
be  sufficient  to  heat  to  an  equal  degree  about  8  pounds  of 
cast  iron,  or  80  pounds  of  mercury,  or  4.2  pounds  of  air, 
which  is  about  55  cubic  feet. 

It  appears,  also,  that  the  heat  required  to  raise  the  temper- 
ature of  hydrogen  gas  is  about  82  times  as  much  as  for  an 
equal  weight  of  water.  The  specific  heats  for  gases  given  in 
the  table  are  true  only  when  the  pressure  remains  constant. 

12.  Teniperiiture  mid  Tjiitcnt  Heat  of  Fuslo|i  and 
Vaporlziitioii. — In  changing  a  solid  body  to  a  liquid,  either 
by  melting  or  by  dissolving  it,  or  in  changing  a  liquid  to  a 
vapor  or  gas,  a  large  amount  of  heat  may  be  applied  with- 
out changing  the  temperature.  Thus,  1  pound  of  ice  at  32° 
will  absorb  144  British  thermal  units  in  changing  to  water 
having  the  same  temperature.  The  pound  of  water  thus 
produced  may  be  heated  to  the  boiling  point,  212°,  by  the 
addition  of  ISO. 531  British  thermal  units.  But,  in  order  to 
convert  the  water  at  212°  into  steam  at  the  same  tempera- 
ture, 96(5.009  British  thermal  units  must  be  added.  Thus,  a 
pound  of  steam  at  212°  contains  900.069  +  180.631-1-144 
=  1,290.6  British  thermal  units  more  than  1  pound  of  ice 
at  82°,  although  the  difference  in  temperature  is  only  180®. 
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The  temperature  at  which  a  body  changes  from  a  solid  to 
a  li(iuid  state  is  called  its  temperature  of  fusion;  and  the 
number  of  British  thermal  units  required  to  effect  this  change 
in  a  body  weighing  1  pound  is  called  its  latent  heat  of 
fusion.  The  temperature  at  which  a  body  changes  from  a 
liquid  state  to  a  vapor  (gas)  is  called  its  temperature  of 

TABIiE  I 
SPECIKIC    HEAT    OF    SUBSTANCES 


Substance 


Air 

Alcohol  .    .    . 
Benzine  .    .    . 
Brass  .... 
Carbonic  acid 
Carbonic  oxide 
Cast  iron 
Charcoal 
Copper 
Glass  .    . 
Glycerine 
Gold    ^    . 
Hydrogen 
Ice   .    . 
Lead    .    . 
Lead  (melted) 
Mercury      .    . 


Specific 
Heat 


.2375 
.7000 
.4500 
.0939 
.2170 

.2479 
.1298 
.2410 
.0951 
.1937 
.5550 
.0324 
3.4090 
.5040 

.0314 
.0402 

.0333 


Substance 


II 


Nitrogen  .  .  .  . 
Oil  of  turpentine 
Oxygen  .  .  . 
Platinum  .  .  . 
Silver  .... 
Steam  (super- 
heated) .  . 
Steel  (hard)  . 
Steel  (soft)  . 
Sulphur  .  .  . 
Sulphur  (melted) 
Sulphuric  acid 

Tin 

Tin  (melted)   . 
Water  at  62°    . 
Wrought  iron 
Zinc 


Specific 
Heat 


.2438 
.4260 
.2175 
.0324 
.0570 

.4805 
.1175 
.1165 
.2026 
.2340 
.3350 
.0562 
.0637 
1 .0000 

.1138 
.0956 


vaporization;  and  the  heat  required  to  effect  this  change 
in  1  pound  of  the  liquid  is  called  its  latent  heat  of 
vaporization. 

When  a  vapor  changes  back  to  a  liquid,  it  is  said  to  con- 
dense; and  when  a  li(iuid  changes  back  to  a  solid,  it  is  said 
to  freeze;  in  either  case,  an  amount  of  heat  equal  to  the 
latent  heat  of  vaporization  or  of  fusion,  as  the  case  may  be, 
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must  be  abstracted  from  (given  up  by)  the  body  before  the 
change  can  be  effected. 

13,  Table  II  shows  the  amounts  of  latent  heat  required 
for  the  fusion  or  vaporization  of  1  pound  of  various  sub- 
stances, they  having  first  been  raised  to  the  temperature  at 
which  the  change  takes  place,  and  the  pressure  being  that 
of  the  atmosphere,  or  14.7  pounds  per  square  inch. 

TABLE  II 
HEATS    OF    FUSION    AND    VAPORIZATION 


Substance 

Tempera- 
ture of 
Fusion 

Degrees  F. 

Tempera- 
ture of 
Vaporiza- 
tion 
Degrees  F. 

Latent 

Heat  of 

Fusion 

B.  T.  U. 

Latent 
Heat  of 

Vaporiza- 
tion 

B.  T.  U. 

Water     .    .    . 
Mercury     .    . 
Sulphur      .    . 
Tin     .... 
Lead  .... 
Zinc    .... 
Alcohol      .    . 
Oil  of  turpen 
Linseed  oil    . 

tin 

le. 

32 

-37.8 
228.3 
446 
626 
680 
-148 
14 

212 
662 
824 

1,900 
173 
313 
600 

144 

5. 09 
13.26 
25.65 

9.67 
50.63 

966.069 
157 

493 
372 
124 

The  temperature  of  vaporization  given  in  the  table  is  the 
boiling  point  of  the  liquid  under  the  ordinary  atmospheric 
pressure  of  14.7  pounds  per  square  inch. 

The  variation  of  the  boiling  point  by  changes  in  pressure 
differs  greatly  in  various  liquids.  The  temperature  of  fusion, 
or  the  melttnj^  point,  is  similarly  affected  by  changes  in  pres- 
sure, but  the  amount  of  the  variation  is  unimportant  for  all 
the  purposes  of  heating  and  ventilation. 

Example.— If  5  pounds  of  ice  having  a  temperature  of  10®  below 
zero  be  mixed  witli  hot  water  havinj;^  a  temperature  of  200°,  what  weight 
of  hot  water  will  be  required  to  melt  the  ice  and  bring  the  temperature 
pf  the  mixture  up  to  60°? 
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Solution.— The  temperature  of  the  ice  is  10  +  32  =  42°  below  the 
freezing  point.  The  amount  of  heat  required  to  raise  its  temperature 
to  the  freezing  point  will  be  42  X  .504  (specific  heat)  X  5  =  105.84  B.  T.  U. 
To  liquefy  the  ice  at  32°  will  require  5  X  144  (latent  heat  of  fusion) 
=  720  B.  T.  U.  Then,  to  change  the  ice  into  water  at  32°,  105.84 
+  720  =  825.84  B.  T.  U.  must  be  applied  to  it.  To  bring  its  tem- 
perature up  to  60°,  there  must  be  60  -  32  =  28°  X  5  lb.  =  140  B.  T.  U. 
added,  which  makes  the  total  quantity  of  heat  required,  825.84  +  140 
=  965.84  B.  T.  U.  The  hot  water  is  to  be  cooled  from  200°  down  to 
60°;  thus,  each  pound  will  furnish  200  -  60  =  140  B.  T.  U.  By  divi- 
ding the  total  amount  required  by  this  quantity,  it  is  found  that  965.84 
-^  140  =  6.9  lb.  of  hot  water  will  be  required.    Ans. 

14.  Expansion  of  Bodies  by  Heat. — If  a  body  absorbs 
heat,  its  volume,  and  hence  its  dimensions,  will  be  chang^ed. 
Nearly  all  substances  expand  when  heated. 

The  linear  expansion,  or  extension,  of  various  metals  and 
other  solid  substances  is  given,  in  inches  per  foot,  for  1°  rise 
of  temperature  in  the  following  table: 


TABIiE  ni 
LINEAR    EXPANSION    OF    SUBSTANCES 


Substance 

Increase  of 
Length  in  i  Foot 

for  Increase 

in  Temperature 

of  i^  F. 

Substance 

Increase  of 
Length  in  i  Foot 

for  Increase 

in  Temperature 

of  i^F. 

Inch 

Inch 

Cast  iron  .    .    . 

.0000740 

Lead      .    .    . 

.0001900 

Wrought  iron  . 

.0000823 

Tin     .... 

.0001692 

Steel  tubes  .    . 

.0000719 

Glass     .    .    . 

.0000550 

Brass     .... 

.0001244 

Brick      .    .    . 

.0000144 

Copper      .    .    . 

.0001146 

Firebrick  .    . 

.0000333 

Zinc 

.0001961 

Marble  .    .    . 

.0000566 

The  amount  of  the  expansion  or  contraction  of  a  bar  or 
pipe  of  a  given  length,  which  will  be  caused  by  any  given 
change  in  its  temperature,  may  be  found  as  follows: 

Rale. — Multiply  the  lengih^  in  feel,  by  Ihe  number  of  degrees  of 
change  in  temperature.     Multiply  this  product  by  the  coefficient 
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given  in  Table  III  for  the  material  employed.     The  product  will 
be  the  change  in  lengthy  in  inches. 

Or,  E  =  L{t^  -  t)c 

where   E  =  change  in  length,  in  inches; 
L  =  length,  in  feet; 
/,  =  higher  temperature; 
/  =  lower  temperature; 
c  =  coefficient  taken  from  Table  III. 

ExAMPLR.— How  much  will  a  steel  tube  14  feet  long  expand,  if  its 
temperature  is  raised  80°? 

Solution.— From  Table  III,  the  linear  expansion  per  foot  for  a 
rise  in  temperature  of  1°  is  found  to  be  .0000719  in.  for  steel.  Hence, 
^  =  14  X  80  X  .0000719  =  .080528  in.    Ans. 

The  expansion  of  wood  by  heat  is  so  small  that  it  is  usually 
disregarded. 

If  metallic  bodies  are  heated  above  a  certain  temperature, 
varying  for  different  metals,  and  the  heat  is  continued  for  any 
considerable  length  of  time,  the  metal  will  become  perma- 
nently elongated;  that  is,  it  will  not  contract  to  its  original 
dimensions.  The  metal  is  then  said  to  be  swelled.  Thus, 
grate  bars  in  a  furnace,  or  pipes  that  are  exposed  to  intense 
heat,  will  increase  considerably  in  length  during  long  use. 
The  strength  of  the  metal  deteriorates  at  the  same  time. 
Plates  or  other  parts  of  furnaces  that  are  imduly  heated  will 
swell  permanently,  and  bulge  or  crack  the  adjoining  parts. 


HEAT    PROPAGATION 

15.  Introduction. — The  mode  in  which  heat  is  prop- 
agated, that  is,  transmitted,  is  thus  explained  in  Ganot's 
"Physics":  "A  hot  body  is  one  whose  molecules  are  in  a 
state  of  vibration.  The  higher  the  temperature  of  a  body, 
the  more  rapid  are  these  vibrations,  and  a  diminution  in 
temperature  is  but  a  diminished  rapidity  of  the  vibrations  of 
the  molecules.  The  propagation  of  heat  through  a  bar  is  due 
to  a  gradual  communication  of  this  vibratory  motion  from 
the  heated  part  to  the  rest  of  the  bar.  A  good  conductor  is 
one  which  readily  takes  up  and  transmits  the  vibratory  motion 
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from  molecule  to  molecule,  while  a  bad  conductor  is  one 
which  takes  up  and  transmits  the  motion  with  difficulty.  But 
even  through  the  best  of  the  conductors  the  propagation  of 
this  motion  is  comparatively  slow.  How,  then,  can  be 
explained  the  instantaneous  perception  of  heat  when  a  screen 
is  removed  from  a  fire  or  when  a  cloud  drifts  from  the  face 
of  the  sun?  In  this  case,  the  heat  passes  from  one  body  to 
another  without  affecting  the  temperature  of  the  medium 
which  transmits  it.  In  order  to  explain  these  phenomena,  it 
is  imagined  that  all  space,  the  space  between  the  planets  and 
the  stars,  as  well  as  the  interstices  in  the  hardest  crystal — in 
short,  matter  of  any  kind — is  permeated  by  a  medium  having 
the  properties  of  matter  of  infinite  tenuity,  called  ether.  The 
molecules  of  a  heated  body,  being  in  a  state  of  intensely 
rapid  vibration,  communicate  their  motion  to  the  ether  around 
them,  throwing  it  into  a  system  of  waves  which  travel  through 
space  and  pass  from  one  body  to  another  with  the  velocity 
of  light.  When  the  undulations  of  the  ether  reach  a  given 
body,  the  motion  is  given  up  to  the  molecules  of  that  body, 
which,  in  their  turn,  begin  to  vibrate;  that  is,  the  body  becomes 
heated.  This  motion  of  the  waves  through  the  ether  is 
termed  radiation,  and  what  is  called  a  ray  of  heat  is  merely 
a  series  of  waves  moving  in  a  given  direction.'* 

Heat  may  be  transmitted  by  radiation,  by  conduction,  and 
by  convection. 

\G.  Radiation. — The  tendency  of  heat  is  to  pass  away 
from  a  warm  body  instantaneously,  and  with  equal  energy  in 
all  directions.  This  manner  of  transit  is  called  radiation. 
Strictly  speaking,  all  heat  is  radiant  heat,  because  it  invariably 
proceeds  by  radiation  when  it  is  not  obstructed  or  retarded  by 
the  medium  or  material  through  which  it  passes.  All  known 
materials  retard  the  transmission  of  heat  to  a  greater  or  less 
degree.  Thus,  dry  air  permits  heat  to  pass  through  it  with 
very  little  obstruction,  but  wood  offers  great  resistance. 

The  transmission  of  heat  through  a  body  will  not  affect 
its  temperature  unless  the  transmission  is  impeded  to  some 
extent.     The  heat  that  is  thus  intercepted   may  be  wholly 
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absorbed  by  the  body  or  a  part  of  it  may  be  reflected.  The 
temperature  of  the  body  will  be  raised  only  by  that  part  of 
the  heat  that  is  absorbed.  Thus,  if  a  sheet  of  clear  ice  is 
exposed  to  heat,  a  certain  amount  will  pass  through  it;  the 
greater  part,  however,  will  be  absorbed,  causing  the  ice  to 
melt.  If  a  person  attempts  to  warm  himself  at  a  blazing  fire, 
outdoors  on  a  cold  day,  he  may  be  scorched  on  one  side  by 
the  radiant  heat  of  the  fire  at  the  same  time  that  he  is  almost 
frozen  on  the  other  side  by  the  cold  air  that  surrounds  him. 
The  air  that  is  between  him  and  the  fire  thus  permits  the  heat 
to  pass  through  it  without  much  loss. 

The  law  that  governs  the  intensity  of  radiant  heat  is  as 
follows: 

L»aw. — The  temperature  will  be  inversely  proportional  to  the 
square  of  the  distance  from  the  source  of  heat. 

Thus,  the  heat  that  is  received  on  a  surface  1  foot  square 
at  a  distance  of  5  feet  will  diverge  and  cover  a  space  of  twice 
that  width  and  height,  having  four  times  the  area  at  a  dis- 
tance of  10  feet;  the  heat,  being  spread  over  four  times  as 
much  surface,  can  have  only  one-fourth  the  intensity. 

Example. — The  temperature  of  a  certain  body  at  a  distance  of 
5  feet  from  the  source  is  300°;  what  will  the  temperature  be  at  a  dis- 
tance of  10  feet? 

Solution.— Applying  the  law, 

300  :  4r  =  10-  :  5*,  or  ;r  =  75°.    Ans. 

17.  Some  substances  permit  radiant  heat  to  pass  through 
them  as  readily  as  light  passes  through  glass,  while  others 
obstruct  it  totally.  The  property  of  a  body  by  virtue  of 
which  heat  is  enabled  to  pass  through  it  is  called  diather- 
mancy. A  knowledge  of  the  diathermic  properties  of 
metals  and  other  substances  is  valuable,  for  means  may  then 
be  devised  for  protecting  woodwork  from  overheating  by 
fire,  etc.  Dry  air,  oxygen,  nitrogen,  and  hydrogen  are 
almost  perfectly  diathermanous.  A  perfect  vacuum  also 
passes  heat  without  measurable  obstruction.  The  watery 
vapor  that  forms  a  part  of  the  atmosphere  greatly  obstructs 
the  passage  of  radiant  heat,  and  much  of  the  non-conducting^ 
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power  that  is  popularly  ascribed  to  air  is  really  due  to  the 
vapor  and  dust  that  it  contains. 

The  following  table  shows  the  percentage  of  radiant  heat 
that  will  pass  through  the  substances  named: 

TABIiE   IV 
1>IATH£RMANCY    OF    SUBSTANCES 


Substance 

Percentage  of 

Heat  Passing 

Through 

Substance 

Ordinary  window  glass,  .07  inch  thick  .... 

SO  to  67 

Colored  window  glass,  .07  inch  thick,  violet    . 

45  to  53 

Colored  window  glass,  .07  inch  thick,  blue  .    . 

20  to  42 

Colored  window  glass,  .07  inch  thick,  green    . 

23  to  26 

Colored  window  glass,  .07  inch  thick,  yellow  . 

40  to  44 

Colored  window  glass,  .07  inch  thick,  red    .    . 

51  to  53 

Rock  salt,  clear,  2J  inches  thick 

92 

Pure  water,  layer  i  inch  thick      

II 

Pure  alcohol,  layer  i  inch  thick 

15 

Pure  sulphuric  acid,  layer  i  inch  thick  .... 

i7 

Spirits  of  turpentine,  layer  i  inch  thick     .    .    . 

31 

Nut  oil,  layer  i  inch  thick 

31 

Olive  oil,  layer  i  inch  thick 

30 
30 

Colza  oil,  layer  i  inch  thick 

The  substances  given  in  this  table  are  supposed  to  be 
placed  as  a  screen  between  the  source  of  heat  and  the  body 
to  be  heated,  but  not  in  contact  with  either.  There  should 
be  a  free  circulation  of  air  around  the  screen  on  both  sides. 

If  two  screens  of  the  same  substance  are  used,  one  behind 
the  other,  the  second  screen  will  pass  a  much  larger  per- 
centage of  the  heat  that  falls  on  it  than  the  first,  and  a 
third  screen  will,  in  many  cases,  pass  nearly  all  the  heat 
that  passes  the  second  screen. 

18.  Heat  may  be  reflected,  dispersed,  or  concentrated 
by  means  of  mirrors  or  lenses,  in  the  same  manner  as  light. 
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The  following  table  shows  the  reflecting  power  of  various 
substances  when  the  heat  rays  fall  on  them  at  an  angle 
of  90°,  the  power  being  expressed  as  a  percentage  of  the 
total  radiant  heat  received: 

TABIiE  V 
REFLECTING    POWER 


Substance 

Reflection 
Per  Cent. 

Substance 

Reflection 
Per  Cent. 

Polished  silver 
Polished  brass  .    . 
Polished  copper    . 
Polished  steel   .    . 

97 
93 
93 
83 

Polished  zinc    .    . 
Polished  iron    .    . 
Bright  tin  .... 
Glass      

8i 
77 
85 

lO 

The  table  shows  that  polished  silver  will  reflect  97  per  cent. 
and  will  absorb  3  per  cent,  of  the  radiant  heat  falling  on  it. 
The  metal  will  slowly  become  warmed  by  the  heat  absorbed. 
Glass  reflects  only  10  per  cent.,  but,  being  diathermanous,  a 
larjje  part  of  the  remaining  90  per  cent,  will  pass  through, 
and  the  percentage  of  heat  that  will  be  absorbed  by  it  will 
be  comparatively  small.  Consequently,  its  temperature  will 
rise  slowly. 

The  percentage  of  reflection  varies  somewhat  with  the 
anfi:lc  at  which  the  rays  of  heat  impinge  on  the  reflecting 
surface,  becoming  greater  as  the  angle  becomes  less  than  90°. 
The  increase,  in  the  case  of  glass,  is  considerable. 

Heat  may  be  concentrated  by  means  of  mirrors,  if  several  of 
them  are  arranged  to  converge  the  reflected  rays  at  one  point. 
The  heat  of  the  sun  has  been  successfully  applied  to  the  gen- 
eration of  steam  by  this  means.  The  common  burning  glass 
is  an  example  of  the  concentration  of  heat  by  means  of  a  lens. 
The  temperature  of  the  concentrated  rays  will  be  equal  to  the 
total  heat  of  the  rays  thus  brought  together. 

19.  Conduction. — When  the  transmission  of  heat 
through  any  certain  substance  rc(iuires  a  measurable  amount 
of  time,  the  manner  of  transmission  is  called  condnctton. 
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The  distinction  between  radiation  and  conduction  has  regard 
to  the  rapidity  of  the  transmission,  radiation  being  instan- 
taneous transmission,  and  conduction,  retarded  transmission. 
All  known  substances  will  conduct  heat  to  a  measurable 
extent,  but  the  rapidity  of  the  conduction  varies  greatly  in 
different  materials.  Thus,  substances  are  classed  as  good 
condtutorsy  or  bad  conductors,  according  to  the  rapidity  with 
which  they  will  conduct  heat. 

The  transmission  of  heat  through  a  body  may  be  divided 
into  three  phases:  (1)  The  absorption  of  the  heat  at  the 
receiving  surface.  (2)  The  conduction  through  the  interior 
substance  of  the  body.  (3)  The  emission  from  the  radiating 
surface. 

All  metals  will  conduct  heat  internally  much  faster  than 
they  can  either  absorb  it  at,  or  emit  it  from,  their  surfaces. 
It  will  be  seen,  therefore,  that  a  knowledge  of  their  actual 
conducting  power  is  not  so  valuable  or  essential  in  the  arts 
of  heating  and  ventilation  as  a  knowledge  of  their  trans- 
mitting power. 

The  law  that  governs  the  distribution  of  heat  by  conduc- 
tion is  as  follows: 

Ijaw. — All  bodies  within  a  given  enclosure  tend  to  come  to  an 
equal  temperature;  and  the  heat  within  any  Particular  body  will 
tend  to  diffuse  uniformly  throughout  its  whole  extent. 

If  one  or  more  of  the  bodies  have  a  higher  temperature 
than  the  others,  an  interchange  of  heat  will  take  place  until 
all  are  equally  heated. 

20.  Table  VI  shows  the  relative  conducting  powers  of 
various  metals,  based  on  that  of  silver,  which  is  considered 
as  1. 

The  figures  given  in  Table  VI  represent  only  the  relative 
rapidity  of  the  passage  of  heat  from  one  point  to  another 
within  the  same  body,  and  do  not  truthfully  represent  the 
capacity  of  the  body  to  receive  and  deliver  heat  from  or  to 
other  bodies. 

When  heat  passes  from  a  dense  substance  to  a  lighter  one, 
or  the  reverse,  the  transmission  is  considerably  retarded, 
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and  the  condition  of   the  surface  through  which  it  passes 
determines  the  rapidity  of  the  passage. 

TABIiB    VI 
HEAT    CONDUCTIVITY    OF    METAL.S 


Metal 

1 
Relative 
Conductivity 

Metal 

Relative 
Conductivity 

Silver  .... 
Copper   .    .    . 
Brass  .... 
Steel   .... 

I.OOO 
.770 
.330 
.120 

Cast  iron    .    . 
Zinc    .... 
Tin     .... 
Lead  .... 

.170 
.200 
.150 
.085 

21.  The  rate  at  which  heat  may  be  absorbed  at  or  emitted 
from  the  surface  of  a  body  depends  on  the  nature  of  the 
material,  and  very  largely  on  the  condition  of  the  surface, 
that  is,  whether  it  be  rough,  smooth,  or  polished.  The 
absorptive  and  emissive  powers  of  any  particular  substance 
are  usually  equal.  A  surface  of  freshly  deposited  lampblack 
has  been  found,  by  experiment,  to  be  one  of  the  best  to 
absorb  or  emit  heat,  and  is  taken  as  a  standard  of  com- 
parison, being  considered  as  1. 

The  relative  amount  of  heat  absorbed  or  emitted  by  the  sur- 
faces of  various  substances  is  shown  in  the  following  table: 

TABLE  VII 

RELATIVE    HEAT    ABSORPTION    AND    EMISSION    OF 
SUBSTANCES 


Substance 


Lampblack,  dry   .    . 
White  lead,  dry  pow- 
der   

Paper     

Glass      


Relative 
Absorp- 
tion and 
Emission 

1 

Substance 

Relative 
Absorp- 
tion and 
Emission 

1 
1. 00 

Steel      

•17 

; 

Polished  brass     .    . 

.07 

1. 00      1 

Polished  copper  .    . 

.07 

.98 

Polished  silver    .    . 

.03 

.90 

1 
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This  table  shows  that  the  color  does  not  affect  the  heat- 
absorbing  capacity  of  the  material,  lampblack  and  white  lead 
being  equal  in  that  respect. 

22.  Convection. — If  there  is  any  difference  in  the  condi- 
tion of  the  various  layers  of  a  body  in  weight,  electric  tension, 
or  chemical  condition,  they  will  move  about  until  all  particles 
have  acquired  the  same  condition.  The  minute  motion  of 
each  particle  is  called  convection,  and  the  general  move- 
ment of  the  mass  on  itself  is  called  circulation. 

Convection  currents  are  caused  in  many  ways;  thus,  if  a 
lump  of  sugar  or  of  salt  is  partly  dissolved  in  water,  the 
film  of  water  that  is  in  contact  with  the  lump  will  be  denser 
than  the  surrounding  water  and  will  sink  toward  the  bottom 
of  the  vessel.  If  a  lump  of  ice  is  dissolved  in  water,  con- 
vection currents  will  be  set  in  motion  in  a  similar  manner, 
although  there  may  be  no  apparent  difference  in  temperature 
between  them.  The  convection,  which  is  caused  by  the 
application  of  heat  to  the  lower  layers  of  a  liquid,  is  due  to 
the  expansion  of  these  heated  layers,  which  thus  become 
lighter  than  the  cold  ones,  and  float  upwards  because  of 
their  buoyancy.  If  the  heat  is  applied  to  the  surface  of  the 
liquid,  but  little  convection  will  occur;  the  motion  being 
confined  to  the  upper  layers  of  the  liquid,  the  heat  will  be 
conducted  downwards  through  the  liquid  without  motion,  in 
the  same  manner  as  though  it  were  a  solid  substance. 

The  diffusion  of  heat  throughout  a  liquid  may  be  greatly 
facilitated  by  convection  if  the  heat  is  applied  to  the  lower  part 
of  the  mass,  but  not  otherwise.  Each  heated  particle,  when 
in  motion,  comes  into  successive  contact  with  great  numbers 
of  colder  particles,  to  which  its  heat  is  conducted  by  actual 
contact.  If  the  particles  did  not  move,  but  remained  station- 
ary, as  in  a  solid  substance,  or  if  there  were  no  convection,  the 
heated  particle  could  impart  its  heat  only  to  the  few  surround- 
ing particles  that  touched  it.  By  particle  is  meant  a  very 
minute  portion  of  matter  composed  of  a  group  of  molecules. 

Air  and  other  gases,  which  are  almost  perfectly  diather- 
manous,  must  be  heated  mainly  by  convection.     The  heat 
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may  be  applied  with  greatest  effect  at  the  bottom  of  the 
enclosure.  In  many  cases,  the  heat  will  radiate  from  the 
hot  surface  and  warm  the  opposite  side  of  the  chamber,  thus 
increasing  the  extent  of  the  heating  surface  and  expediting^ 
the  operation.  

GENERATION    OF    HEAT 

23.  Strictly  speaking,  there  is  no  such  thing  as  the 
actual  generation  of  heat,  because  heat  always  exists  in  the 
materials  and  cannot  either  be  originated  or  destroyed. 

The  so-called  generation  of  heat  depends  on  the  fact  that 
many  substances  require  much  greater  amounts  of  heat  to 
maintain  their  existence  separately  than  when  two  or  more 
of  them  are  combined.  Thus,  oxygen  and  carbon  require  far 
more  heat  to  maintain  them  as  separate  substances  than  is 
required  to  maintain  them  when  combined  into  carbonic  acid. 
When  fuel  is  burned,  the  oxygen  and  carbon  unite,  and  only 
a  part  of  their  original  heat  is  required  to  maintain  the 
resultant  compound;  the  balance  is  set  free  and  warms  every- 
thing in  the  vicinity  by  radiation  or  conduction.  In  a  similar 
manner,  when  oxygen  and  hydrogen  unite  and  form  water, 
an  enormous  amount  of  heat  is  set  free. 

Oxygen,  carbon,  and  hydrogen,  by  their  combination, 
furnish  nearly  all  of  the  heat  that  is  available  for  ordinary 
purposes.  Other  combinations,  notably  of  oxygen  and  silicon^ 
produce  an  extremely  high  temperature,  but  they  are 
employed  for  metallurgical  purposes  only. 

All  chemical  or  mechanical  compounds  either  give  off  or 
absorb  heat  at  the  time  the  combination  is  effected.  Thus, 
fresh  lime  and  water  give  off  considerable  heat  in  combining; 
while,  on  the  contrary,  plaster  of  Paris  and  water  absorb 
much  heat  in  solidifying. 

Other  forms  of  energy,  notably  electricity  and  mechanical 
energy,  can  be  transformed  into  heat;  but  the  methods  are 
very  indirect  and  inefficient,  and  the  consequent  expense  is 
so  high  that  at  present  they  are  impracticable  for  ordinary 
heating  purposes. 
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MEASUREMENT  OF  TEMPERATURM 

24*  Purpost?  of  Therinonieteri3. — ^The  amount  of  sen- 
sible heat  that  a  body  may  happen  to  possess  is  indicated 
by  the  term  fempemiure,  and  by  comparison  with  some  other 
body  having:  the  same  amount  of  sensible  heat.  Thns,  a 
piece  of  iron  having  exactly  the  same  amount  of  sensible 
heat  as  a  piece  of  melting  ice,  is  said  to  have  the 
temperature  of  melting  ice.  If  a  piece  of  lead  has 
the  same  amount  of  sensible  heat  as  a  kettle  of 
boiling  water,  it  is  said  to  have  the  temperature 
of  boiling  water,  etc. 

Owing  to  the  imperfection  of  the  senses^  It  is 
impossible  to  determine  by  their  aid  the  tempera- 
ture of  different  bodies  with  any  degree  of  accuracy; 
hence,  for  this  purpose,  thermometers  are  used. 
In  these  instruments  the  effects  of  heat  on  bodies 
are  made  use  of  in  obtaining  the  temperature,  the 
most  common  method  being  to  utilize  the  expan- 
sive effect  of  heat  on  liquids.  Mercury  and  alcohol 
are  the  only  liquids  used^ — the  former  because  it 
boils  only  at  a  very  high  temperature,  and  the 
latter  because  it  does  not  solidify  at  the  greatest 
known  cold  produced  by  ordinary  means. 

25,  Therinonxeter  Scales*  — In  Fig,  2  is 
shown  a  mercurial  thermometer  with  two  sets  of 
graduations  on  it.  The  one  on  the  left,  marked  F, 
is  the  Fahrenheit  scale,  so  named  after  its 
inventor,  and  is  the  one  commonly  used  in  English* 
speaking  countries"  the  one  on  the  right,  marked  C 
is  the  eeiitlgrracle  scale,  and  is  used  by  scientists 
throughout  the  world  on  account  of  the  gradua- 
tions being  better  adapted  for  calculations*  As  will 
be  seen,  the  instrument  consists  of  a  glass  tube  having  a  bulb 
at  one  end  and  closed  at  the  other,  so  as  to  keep  the  air  out. 
Before  closing  the  upper  end  the  tube  is  partly  filled  with 
mercury  and  the  air  above  it  is  driven  out  by  heating  the 
mercury  to  near  its  boiling  point,  when  the  tube  above  the 
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mercury  will  be  filled  with  mercurial  vapor.  It  is  now  sealed, 
and  on  cooling^,  the  vapor  condenses  and  a  vacuum  results. 
The  expansion  or  contraction  of  the  mercury  by  applying:  or 
withdrawing:  heat  from  the  body  with  which  the  bulb  is  in  con- 
tact, causes  the  top  of  the  mercury  column  to  rise  or  fall;  and, 
since  for  equal  changes  of  temperature  the  mercury  rises  or 
falls  equal  distances,  this  instrument,  when  properly  made  and 
graduated,  indicates  with  great  accuracy  any  change  in  tem- 
perature. For  the  thermometer  to  be  reliable  the  inside 
diameter  should  be  the  same  throughout  its  length. 

26.  In  order  to  graduate  the  thermometer,  it  is  placed 
in  melting  ice,  and  the  point  to  which  the  mercurial  column 
falls  is  marked  freezinfir.  It  is  then  placed  in  the  steam 
rising  from  water  boiling  in  an  open  vessel,  and  the  point  to 
which  the  mercurial  column  rises  is  marked  boiling.  There 
are  now  two  fixed  points:  the  freezing  point  and  the  boiling 
point.  If  it  is  desired  to  make  a  Fahrenheit  thermometer, 
the  distance  between  these  two  fixed  points  is  divided  into 
180  equal  parts,  called  degrees.  The  freezing  point  is 
marked  82°  and  the  boiling  point  212°;  32  parts  are  marked 
off  from  the  freezing  point  downwards,  and  the  last  one  is 
marked  0°,  or  zero.  The  graduations  are  carried  above  the 
boiling  point  and  below  the  zero  point  as  far  as  desired. 
This  thermometer  was  invented  in  1714,  and  was  the  first  to 
come  into  general  use. 

In  graduating  a  centigrade  thermometer,  the  freezing 
point  is  marked  0°,  or  zero,  and  the  boiling  point  100*^;  the 
distance  between  the  freezing  and  boiling  points  is  divided 
into  100  equal  parts;  these  equal  divisions  are  carried  as  far 
below  the  freezing  point  and  above  the  boiling  point  as 
desired.  Fahrenheit  placed  the  zero  point  on  his  ther- 
mometer 82°  below  freezing  because  that  was  the  lowest 
temperature  he  could  obtain,  and  he  supposed  that  it  was 
impossible  to  obtain  a  lower  one.  Where  there  is  any 
doubt  as  to  the  thermometer  used,  the  first  letter  of 
.the  name  is  placed  after  the  degree  of  temperature.  For 
example,  183°  F.  means  183°  above  zero  pn  the  Fahrenheit 
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instrument;  183°  C.  means  183°  above  zero  on  the 
centigrade  thermometer. 

27.  In  Russia  and  a  few  other  countries,  another 
thermometer  is  used,  called  the  Reaumur;  the  freez- 
ing point  is  marked  0°,  or  zero,  and  the  boiling 
point  80°,  the  space  between  these  two  points  being 
divided  into  80  equal  parts.  183°  R.  means  183° 
above  zero  on  the  Reaumur  thermometer. 

Considering  all  civilized  nations,  the  centigrade 
thermometer  is  most  widely  used;  as  previously 
stated,  however,  all  English-speaking  nations  adhere, 
at  present,  to  the  Fahrenheit  thermometer.  Hence,  in 
all  technical  works  written  in  English,  the  Fahrenheit 
E||  scale  is  understood  whenever  temperatures  are  given, 
unless  distinctly  stated  otherwise. 

In  order  to  distinguish  the  temperatures  below  the 
zero  point  from  those  above,  the  sign  of  subtraction 
^  is  placed  before  the  figures,  indicating  the  number  of 
degrees  below  zero.  Thus,  —18°  C,  which  is  read: 
minus  18  degrees  centigrade,  means  that  the  tem- 
perature was  18°  below  the  zero  point  on  the  centi- 
grade thermometer;  —25.4°  F.  means  25.4°  below 
zero  on  the  Fahrenheit  thermometer. 

The  kind  of  instrument  shown  in  Fig.  2,  having  the 
graduations  on  a  wooden  or  metal  plate,  is  unsuit- 
able for  any  purpose  that  requires  accuracy.  The 
graduations  should  be  engraved  on  the  glass  tube,  as 
shown  in  Fig.  3.  All  thermometers  that  are  used 
for  testing,  or  for  any  accurate  work,  are  made  in 
this  way. 

28.  Until  recently,  instrument  makers  removed, 
as  far  as  possible,   the  air  from   the   thermometer 

■  tubes,  and  left  the  space  above  the  mercury  a  nearly 
perfect  vacuum.  The  boiling  point  of  the  mercury 
was  lowered  thereby,  and,  in  consequence,  mercurial 
thermometers  could  not  be  used  in  temperatures  much 
PI9.3      exceeding  500°  F.     Thermometers  are  now  made, 
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however,  which  are  serviceable  and  accurate  up  to  900^  F., 
although  the  ordinary  boiling  point  of  mercury  is  at  662°. 
This  result  is  accomplished  by  filling  the  space  above  the 
mercury  with  gas  under  heavy  pressure,  and  thereby  raising: 
the  boiling  point.  Great  care  is  necessary  in  using  these 
instruments  at  high  temperatures  in  order  to  avoid  breakage. 

29.  Alcohol  Thermometers. — Since  mercury  freezes 
at  -37.84°  F.  (this  corresponds  to  -38.8°  C.)  some  other 
liquid  must  be  had  to  measure  temperatures  below  this  point. 
For  this  purpose  alcohol  is  used,  as  it  was  never  frozen  until 
very  recently,  and  then  only  at  an  extremely  low  temperature 
obtained  artificially.  Since  alcohol  vaporizes  at  173°  P., 
the  boiling  point  of  water  cannot  be  marked  on  the  alcohol 
thermometer.  The  freezing  point  is  determined  in  the  same 
way  as  in  a  mercurial  thermometer.  To  graduate  an  alcohol 
thermometer,  this  and  a  mercurial  thermometer  are  placed  in 
a  vessel  containing  hot  water  or  other  liquid,  and  the  point 
to  which  the  alcohol  column  rises  is  marked.  Suppose  that 
the  point  to  which  the  mercury  column  rises  is  marked  132°, 
then  the  distance  between  the  point  marked  and  the  freezing 
point  would  be  divided  into  132  —  32  =  100  equal  parts,  and 
each  of  these  parts  will  correspond  to  1°  on  the  mercurial 
thermometer.  These  equal  divisions  are  then  carried  below 
the  zero  point  as  far  as  desired.  Since  alcohol  boils  at 
about  173°,  alcohol  thermometers  should  not  be  exposed  to 
heat  exceeding  150°. 

30.  Air  Thermometers. — For  measuring  high  tempera- 
tures, the  air  thermometer  may  be  used.  The  construc- 
tion of  this  instrument  is  shown  in  Fig.  4.  The  bulb  A  is 
about  Ij  inches  in  diameter  and  7  inches  long,  and  it  may  be 
applied  in  any  position,  horizontal,  or  vertical,  or  inverted. 
It  is  connected  by  a  tube  B  (of  glass  or  metal,  as  the  case 
may  require)  to  a  glass  tube  C.  A  graduated  tube  D  is 
connected  by  stout  rubber  tubing  R  to  the  tube  C,  as  shown. 
The  tubes  are  filled  with  mercury  up  to  the  line  a  b.  When 
the  mercury  stands  at  exactly  equal  heights  in  both  tubes 
(the  temperature  and  barometric  pressure  of  the  atmosphere 
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being  at  a  standard  degree),  a  permanent  mark  is  made  on 
the  tube  C  at  the  level  of  the  mercury.  When  the  bulb  is 
exposed  to  heat,  the  air  within  it  will  expand  and  will  drive 
the  mercury  down- 
wards in  the  tube 
C  and  upwards 
in  D,  The  latter 
tube  should  then 

be  raised  until  the  mercury  rises  in  C  to 
the  mark  before  made.  The  air  is  thus 
confined  to  a  constant  volume.  The  dif- 
ference in  the  level  of  the  mercury  in  the 
tubes  C  and  D  indicates  the  tension  or 
expansive  force  of  the  air  confined  in  the 
bulb.  The  volume  of  air  being  constant, 
its  tension  is  strictly  proportional  to  the 
temperature.  The  graduations  on  the 
tube  D  may  be  made  to  indicate  the  tem- 
perature, or  the  pressure,  or  both. 

The  temperature  to  which  this  instru- 
ment may  be  subjected  is  limited  only 
by  the  nature  of  the  material  of  which  the 
bulb  is  composed.  The  bulb  may  be  made  of  iron  or  plati- 
num, or  of  porcelain.  Porcelain  bulbs  will  serve  excellently 
for  all  temperatures  up  to  1,200°. 

31«  Metullic  Therinonietcrs. — The  thermometers 
described  in  the  preceding  articles  indicate  temperatures 
through  changes  in  volume  or  pressure  of  fluids,  induced 
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by  changes  of  heat;  in  so-called  iiietallic  thermonieters 
temperatures  arc  indicated  through  the  change  in  shape, 
under  heat  variations,  of  a  metallic  part  composed  of  two 
metals  having  unequal  rates  of  expansion. 
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The  thermometric  element  is  usually  constructed  as  shown 
in  Fig.  5.  Two  thin  strips  of  metal  a  and  A,  usually  brass 
and  steel,  are  soldered  together  throughout  their  whole 
length  and  are  firmly  fastened  to  a  block  c.  If  the  temper- 
ature falls,  the  brass  a  contracts  more  than  the  steel  3,  and 
the  compound  bar  bends  to  the  curve  a  d;  if  the  temperature 
rises,  the  brass  expands  most,  and  compels  the  bar  to  bend 

in  the  reverse  direc- 
tion, as  shown  by  the 
curve  A  ^.  This  ther- 
mometric element 
may  be  made  of  al- 
most any  shape  de- 
sired, either  straight 
or  curved. 

Fig.  6  shows  the 
interior  mechanism 
of  a  metallic  ther- 
mometer in  success- 
ful use.  The  ther- 
mometric bar  a  is 
fastened  to  a  block  d, 
and  a  light  fork  c  is 
soldered  to  its  free 
end.  The  ends  of  the  fork  are  connected  by  a  fine  cord  that 
wraps  annind,  and  is  secured  to,  the  small  pulley  d.  The 
outer  end  of  the  pulley  spindle  is  attached  to  a  hand,  or 
pointer,  t\  which  moves  over  a  suitable  dial.  When  the 
bar  a  expands  or  contracts  from  changes  in  the  temperature, 
it  changes  the  position  of  the  fork  r,  and  the  pulley  d  with 
the  pointer  e  is  rotated  correspondingly. 


Fig.  6 


32,     Differential    Tlic*riiiometors. — The    instruments 

that  have  been  described  so  far  are  not  suitable  for  measur- 
ing small  differences  of  temperature,  which  must  fre<iuently 
be  made  in  experimental  investigations  and  for  testing  pur- 
poses. An  instrument  of  great  delicacy,  called  the  differ- 
ential tlieriiiomciter,  has  been  devised  for  such  uses,     ltd 
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construction  is  shown  in  Fig.  7.  It  consists  of  two  bulbs  a 
and  by  connected  by  a  horizontal  tube  c.  The  liquid  fills  the 
tube  f,  and  rises  part  way  up  each  of  the  vertical  tubes.  A 
small  bubble  of  air,  shown  near  the  center  of  c,  divides  the 
liquid  into  two  equal  parts,  and  serves  as  an  index  to  show 
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the  movement  of  the  liquid.  If  the  two  bulbs  are  unequally 
heated,  the  difference  causes  the  air  to  expand  more  in  one 
bulb  than  the  other,  and  so  pushes  the  liquid  toward  the 
cooler  bulb.  The  shifting  of  the  bubble  along  the  scale  indi- 
cates by  its  position  the  difference  in  the  temperature  of 
the  bulbs. 

33.     Maximam   and   Minimam   Thermometers. 

When  it  is  desired  to  know  the  highest  and  the  lowest 
temperatures  that  occur  within  any  certain  period  of  time, 
instruments  called  maximum  thermometers  and  minimum 
thermometers  may  be  used. 

The  maximum  thermometer  is  a  mercurial  thermom- 
eter having  its  stem  laid  horizontally.  The  best  form  is 
called  Negrettl'8,  after  its  inventor.     Its  construction  is 
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shown  in  Fig.  8.  The  tube  is  choked  close  to  the  bulb, 
as  at  a,  so  that  when  the  mercury  is  driven  forwards  by  the 
rise  of  temperature  it  is  retained  in  the  tube  when  the 
mercury  in  the  bulb  subsequently  contracts.     The  mercury 
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can  be  driven  back  by  swinging  the  instrument,  bulb  down- 
wards, at  arm*s  length. 

Another  form  of  maximum  thermometer  is  constructed 
with  a  small  piece  of  steel  wire  in  the  tube.  This  wire  is 
pushed  forwards  by  the  mercury  as  it  expands,  and  is  left  in 
place  when  the  mercury  retreats.  Thus,  its  position  indicates 
the  greatest  temperature  that  occurred  since  a  previous  obser- 
vation. The  wire  is  gradually  affected  by  the  mercury,  how- 
ever, so  that  the  instrument  becomes  unreliable. 

34.     The    mini  mum   thermometer   has   a   horizontal 

stem,  as  shown  in  Fig.  9.  The  liquid  used  is  alcohol,  and 
the  minimum  temperature  is  indicated  by  the  position  of  a 
small   float   that   is   enclosed  within   the   tube.     When  the 
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'  alcohol  contracts,  the  float  will  follow  the  retreatincf  liquid; 
but  when  it  expands,  the  liquid  will  flow  past  the  float,  thus 
leaving  it  at  the  point  of  lowest  temperature.  In  reading 
the  indication  of  the  instrument,  the  position  of  the  forward 
end  of  the  float  is  noted,  as  at  a. 

As  alcohol  is  vaporized  at  moderate  heat,  this  thermometer 
should  not  be  exposed  to  the  direct  rays  of  a  bright  sim, 
but  should  be  shaded.  Frequently,  maximum  and  minimum 
thermometers  are  mounted  together  on  a  single  stand,  for 
more  convenient  use. 

35.     Uecordlii^  Thermoniotors. — When  it  is  desired  to 

have  a  continuous  record  of  the  changes  of  temperature  at  any 
certain  point,  the  object  may  be  attained  by  means  of  instru- 
ments called  thorino^raphs,  or  recording  thermometers. 
The  Draper  rceoiMliii^  thermometer,  shown  in  Fig.  10, 
records  the  temperature  on  a  paper  chart  attached  to  a 
revolving  dial  d.  As  the  temperature  changes,  the  pen  a, 
which  is  charged  with  ink,  is  moved  toward  or  from  the 
center  of  the  dial  by  means  of  a  metallic  thermometer  that 
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is  enclosed  within  the  case.  It  traces  a  line  on  the  chart  as 
the  dial  turns,  and  the  position  of  this  line  with  reference  to 
the  lines  that  are  printed  on  the  paper  clearly  indicates  the 
temperature   that   existed   at   any  time   during   the   period 


Fig.  10 

mdiided  by  the  chart.  The  dial  is  revolved  by  suitable 
clockwork,  and  makes  one  revolution  in  a  day  or  week*  as 
desired.  The  paper  charts  are  removed  daily  or  weekly, 
and  can  be  filed  away  for  future  reference. 

36»     Use  and  Care  of  Tli€*i*inarrieterB> — All  thermora- 
eters  should  be  very  carefully  handled,  because   they  are 
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easily  broken.  Much  annoyance  and  vexation  may  be  avoided 
by  always  keeping  the  instruments  in  their  cases  when  not  in 
actual  use. 

Before  using  a  mercurial  thermometer,  make  sure  that  it 
is  clean.  Find  out  whether  the  thread  of  mercury  in  the 
tube  is  parted  or  displaced.  The  force  that  draws  the  mer- 
cury back  into  the  bulb  is  quite  weak,  and  if  the  column  is 
parted,  it  can  be  restored  to  proper  working  order  by  hold- 
ing it  in  the  hand,  bulb  downwards,  and  swinging  it  vertically 
at  arm's  length,  a  few  times. 

In  measuring  atmospheric  temperature,  the  thermometer 
should  be  exposed  to  unobstructed  circulation,  and  should  be 
protected  from  the  direct  rays  of  the  sun  and  from  radiation 
from  all  warm  bodies  in  its  vicinity.  It  must  be  kept  strictly 
dry.  If  there  is  any  moistiu"e  on  the  bulb,  it  will  evaporate 
and  cause  the  mercury  to  fall  to  a  lower  point  than  the  true 
temperature  of  the  air. 


37.  To  ascertain  the  temperature  of  steam,  water,  or 
air  that  is  passing  through  a  pipe,  it  should  be  provided 
with  thermometer  cups  that  are  properly  adapted  to  the 

situation. 

Fig.  11  shows  a  thermometer  cup  of  ordinary  construction. 
The  stem  a  is  made  quite  thin,  -h  inch  or  less,  and  the  cen- 
tral hole  should  be  just  large  enough  to  readily  admit  the 
bulb  of  the  thermometer.  A  bore  of  \  inch  is  sufficient  for 
the  largest  thermometer  that  will  be 
required,  and  \  inch  is  large  enough 
for  all  ordinary  purposes.  The  cup 
is  partly  filled  with  mercury  into 
which  the  thermometer  bulb  is  sunk; 
this  mercury  is  a  good  medium  for 
conducting  heat  from  the  cup  to  the 
thermometer  bulb.  The  neck  b  of  the 
cup  is  provided  with  a  tapering  screw  thread,  corresponding 
to  a  standard  pipe  phig,  and  the  collar  c  is  made  hexagonal, 
to  fit  an  ordinary  wrench.  The  cup  should  be  made  of  iron;  if 
it  is  made  of  brass,  it  cannot  be  used  with  mercury  without 
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damage  to  the  brass.  The  depth  of  the  cup  should  be 
sufficient  in  all  cases  to  contain  the  entire  bulb  of  the  ther- 
mometer within  that  part  of  the  stem  that  is  actually  sur- 
rounded by  the  hot  fluid  to  be  tested.  The  cups  should 
stand  vertically,  or  as  nearly  so  as  circumstances  will  permit. 
The  end  of  the  stem  should  always  extend  at  least  to  the 
center  of  any  pipe  to  which  it  may  be  attached,  and  it  may 
extend  as  much  farther  as  desired. 

38.  Thermometer  cups  are  ^sually  left  in  place  as  per- 
manent fixtures.  If  the  cups  are  made  of  brass,  they  should 
be  partly  filled  with  heavy  engine  oil  of  good  quality,  and 
should  be  allowed  to  become  hot  before  the  thermometer 
is  inserted.  The  thermometer  should  be  allowed  several 
minutes*  time  in  which  to  attain  its  maximum  temperature 
before  any  readings  are  taken.     The  projecting  stem  of  the 
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thermometer  should  be  guarded  against  currents  of  air,  hot 
or  cold,  which  might  influence  the  indications  of  the  instru- 
ment. In  locating  thermometer  cups,  care  should  be  taken 
to  avoid  all  places  where  air  might  collect  around  the  stem, 
and  also  any  pockets  that  might  be  filled  with  partly 
cooled  fluid.  An  air  bubble  around  the  stem  of  the  cup  will 
materially  reduce  the  indication  of  the  thermometer. 

39.  If  the  cup  is  inserted  in  a  T  or  other  fitting,  it  should 
be  inserted  through  the  side,  as  in  Fig.  12,  and  should  not 
be  put  in  as  shown  in  Fig.  18,  because  of  the  liability  of  air 
lodging  at  A,  Fig.  14  shows  the  proper  method  of  insert- 
ing a  cup  at  a  vertical  elbow.  The  stem  is  long  enough  to 
bring  the  bulb  of  the  thermometer  well  below  any  possible 
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collection  of  air  at  A,    The  cup  is  located  a  little  forward 

of  the  center  of  the  vertical  pipe,  so  as  to  be  in  the  middle 

of  the  current. 

When  cups  cannot  be  used,  the  temperature  of  a  hot  sur- 
face may  be  found  by  laying 
the  thermometer  ag:ainst  it,  and 
covering  the  instrument  with 
felt  or  other  good  non-conduct- 
ing material.  Only  enough  of 
the  stem  should  be  exposed 
to  allow  the  indications  to  be 
readily  observed.  This  method 
will  not  secure  accurate  results, 
and  is  not  to  be  recommended 

for  any  purpose  requiring  accuracy.     The  thermometer  will 

show  the  temperature  of  the  pipe  only, 

which  may,  or  may  not,  agree  with  the 

temperature  of  the  liquid  within  it. 

40.  Pyrometers.  —  Instruments 
that  are  designed  especially  to  register 
very  high  temperatures,  such  as  exist 
in  ovens,  chimney  flues,  furnaces,  etc., 
are  called  pyrometers.  The  pyrom- 
eters in  common  use  are  modifications 
of  the  metallic  thermometer;  a  widely 
used  form  is  shown  in  Fig.  15. 

The  casing,  or  tube,  a,  is  made  of 
some  metal  that  will  endure  the  heat 
and  withstand  corrosion.  The  expand- 
ing elements  are  contained  within  the 
tube  a  and  consist  of  a  tube  of  iron  and 
a  central  rod  of  copper,  which  are  united 
at  the  end  near  the  cap  />.  The  differ- 
ence in  the  expansion  of  the  two  metals  is  utilized,  by 
mechanism  very  similar  to  that  in  a  steam  gauge,  to  move 
the  index  hand  over  the  graduated  dial  r. 

These  instruments  are  used  by  inserting  the  stem  into  the 
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flue  through  which  hot  gases  are  passing,  and  are  usually 
left  in  place  for  permanent  use. 

In  using  the  instrument,  no  readings  should  be  taken  until 
it  has  had  time  to  become  thoroughly  heated  through.  •The 
hole  through  which  the  stem  of  the  instrument  is  inserted 
must  be  guarded  against  the  entrance  of  cold  air  or  the  out- 
flow of  burning  gas  against  the  dial  case. 


ABSOLUTE    TEMPERATURE 

41,  It  has  been  found,  by  experiment,  that  all  perfect 
gases  will  expand  Teir  of  their  volume  when  heated  at  a 
constant  pressure  from  zero  to  1°  above  it.  It  is  inferred, 
therefore,  that  the  ultimate  limit  of  contraction  will  be 
found  at  460°  below  zero  on  the  Fahrenheit  scale,  and  that 
at  this  point  all  motion  of  the  molecules  ceases.  This  point 
is  called  the  absolute  zero  of  temperature;  temperatures 
measured  from  absolute  zero  are  called  absolute  tempera- 
tures. Ordinary  thermometers  are  not  graduated  to  read 
directly  to  absolute  temperatures;  with  a  Fahrenheit  ther- 
mometer 460°,  and  with  a  centigrade  thermometer  273i°, 
must  be  added  to  the  reading  of  the  thermometer  to  obtain 
the  absolute  temperature  for  thermometer  readings  above 
zero.  If  the  thermometer  registers  below  zero,  the  number 
of  degrees  registered  below  zero  must  be  subtracted  from 
460°  or  273i°,  according  to  whether  the  Fahrenheit  or  centi- 
grade thermometer  is  used. 

For  example,  a  temperature  of  85°  by  the  Fahrenheit 
thermometer  corresponds  to  85  +  460  =  545°  absolute,  and 
a  temperature  of  —3°  corresponds  to  460  —  3  =  457°  abso- 
lute. Likewise,  a  temperature  of  40°  centigrade  corresponds 
to  40  +  273i  =  313i°  absolute,  and  a  temperature  of  -12° 
centigrade  corresponds  to  273s  —  12  =  261i°  absolute. 

When  a  temperature  is  mentioned,  it  is  usually  understood 
that  the  temperature  indicated  by  the  thermometer  is  meant; 
it  is  the  universal  practice  to  add  **absolute"  to  the  number 
of  degrees  whenever  it  is  desired  to  convey  the  information 
that  absolute  temperature  is  meant. 
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In  sanitary  engineering,  absolute  temperatures  enter  chiefly 
into  calculations  relating  to  changes  in  voliune  or  weight  of 
gases  under  changes  of  temperature. 


EXAMPLES    FOR    PRACTICE 

1.  How  many  British  thermal  units  are  g^ven  off  by  42  pounds  of 
tin  in  cooling  from  318°  to  62°  F.?  Ans.  604.27  B.  T.  U. 

2.  How  many  British  thermal  units  will  be  required  to  melt 
10  pounds  of  lead  from  an  original  temperature  of  70°? 

Ans.  1,842.5  B.T.  U. 

3.  A  wrought-iron  pipe  line  350  feet  long  is  raised  in  temperature 
from  60°  to  300°  when  steam  is  turned  into  it.  How  much  will  it 
lengthen?  Ans.  6.9  in. 

4.  If  the  temperature  within  1  foot  of  a  piece  of  hot  iron  is  2,500°  P., 
what  will  it  be  at  a  distance  of  5  feet?  Ans.  100°  F. 

5.  What  is  the  absolute  temperature  corresponding  to  —21°  P.? 

Ans.  439° 

COBIBUSTION 


LAWS    OF    CHEMICAL    COMBINATIONS 

42.  Elements  and  Compounds. — Every  body,  every 
mass  of  matter  is  either  an  element,  a  compound^  or  a  mix- 
iure.  Iron,  silver,  sulphur,  and  oxygen  are  elements;  water, 
wood,  lime,  and  carbonic  acid  are  compounds. 

A  compound  may  be  decomposed  or  divided  into  separate 
substances.  For  example,  if  an  electric  current  is  passed 
throujjh  water,  the  water  slowly  disappears  and  two  s^ases 
are  formed.  These  gases  are  entirely  unlike  and  neither 
resembles  the  water  from  which  it  is  produced.  Likewise, 
lime  can  be  divided  into  two  other  substances — calcium  and 
oxygen.  Any  substance  that  can  thus  be  decomposed  or 
divided  into  other  substances  is  called  a  compound. 

There  arc  substances  that  have  never  been  decomposed 
into  other  substances.  By  no  known  process  can  sulphur  be 
separated  into  other  substances;  likewise,  iron,  gold,  arsenic, 
and  many  other  substances.  Substances  that  have  never 
been  decomposed  or  called  elements. 
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In  referring  to  an  element  it  is  customary  to  simply  use 
the  symbol,  which  is  usually  the  first  letter  of  the  name. 
Thus,  H  stands  for  hydrogen,  C  for  carbon,  etc. 

The  elements  that  will  be  considered  are:  Hydrogen,  H\ 
oxygen,  0\  nitrogen,  N\  carbon,  C;  sulphur,  S. 

43.  Chemical  Combination. — When  two  or  more  ele- 
ments are  brought  into  contact  under  favorable  circum- 
stances, they  will  combine  and  form  a  substance  that  is 
unlike  either  of  the  elements;  of  course,  the  new  substance 
will  be  a  compound.  Thus,  if  carbon  and  oxygen  are 
brought  together  at  a  high  temperature,  they  will  combine 
and  form  carbon  dioxide.  Hydrogen  and  oxygen  combine 
to  form  water.  Hydrogen,  nitrogen,  and  oxygen,  when 
combined  in  certain  proportions,  form  nitric  acid.  A  given 
volume  of  nitrogen  and  three  times  that  volume  of  hydrogen 
combine  and  form  ammonia — a  gas  that  differs  greatly  from 
both  nitrogen  and  hydrogen. 

It  is  supposed  that  each  molecule  of  an  element,  such  as 
hydrogen  or  oxygen,  is  composed  of  2  atoms.  It  is  further 
supposed,  by  chemists,  that  at  a  given  pressure  and  tem- 
perature equal  volumes  of  all  gases,  whether  simple  or 
compound,  contain  the  same  number  of  molecules.  Thus, 
a  cubic  foot  of  hydrogen,  a  cubic  foot  of  air,  a  cubic  foot 
of  steam,  all  contain  the  same  number  of  molecules  at  the 
same  temperature  and  pressure. 

Suppose  that  a  cubic  foot  of  hydrogen  gas  is  allowed 
to  come  in  contact  with  a  cubic  foot  of  chlorine  gas 
(symbol,  C/).  The  mixture  is  exposed  to  heat  or  light  and 
the  gases  combine.  The  process  of  combination  is  explained 
as  follows:  There  is  a  certain  attraction,  or  affinity,  between 
the  hydrogen  atoms  and  the  chlorine  atoms.  Under  the  influ- 
ence of  heat  or  light  this  attraction  becomes  so  strong  that 
the  2  atoms  composing  the  molecule  of  hydrogen  are  torn 
apart.  Likewise,  the  atoms  composing  a  molecule  of  chlorine 
separate.  Each  atom  of  chlorine  seizes  on  an  atom  of  hydro- 
gen and  forms  a  molecule  of  an  entirely  new  gas;  viz.,  hydro- 
chloric-acid gas.     Since  each  atom  of  chlorine  takes  1  atom 
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of  hydrogen,  it  is  plain  that  the  number  of  molecules  of  each 
gas  must  be  the  same.  In  other  words,  1  cubic  foot  of  chlo- 
rine requires  1  cubic  foot  of  hydrogen  to  combine  with  it; 
these  gases  cannot  be  made  to  combine  in  any  other  propor- 
tion. For  example,  if  3  cubic  feet  of  chlorine  is  placed  in 
contact  with  2  cubic  feet  of  hydrogen,  4  cubic  feet  of  hydro- 
chloric-acid gas  will  be  formed,  and  the  extra  cubic  foot 
of  chlorine  would  still  remain  chlorine.  The  symbol  for 
hydrochloric-acid  gas  is  HCL 

Suppose  that  hydrogen  and  oxygen  are  placed  in  contact 
and  heated.  They  will  combine  and  form  steam  (or  water); 
but  it  will  be  found  that  each  atom  of  oxygen  seizes  2  atoms 
of  hydrogen  to  form  a  molecule  of  water,  and  therefore  the 
volume  of  hydrogen  must  be  double  the  volume  of  the  oxygen 
with  which  it  combines.  This  is  shown  by  the  symbol  for 
water,  which  is  H^O\  that  is,  a  molecule  of  water  is  composed 
of  2  atoms  of  hydrogen  to  1  of  oxygen.  Similarly,  the 
symbol  for  ammonia  is  NH^\  that  is,  3  atoms  of  hydrogen 
to  1  of  nitrogen.  Again,  hydrogen  and  carbon  form  a  com- 
pound; each  atom  of  carbon  seizes  4  atoms  of  hydrogen  and 
forms  a  molecule  of  marsh  gas.  The  symbol  for  marsh  gas 
is,  therefore,  CH^. 

44.  The  symbol  of  any  compound  indicates  how  the 
atoms  of  the  elements  combine  to  form  the  compound. 
Thus,  the  symbol  for  water,  H^O,  shows  that  2  atoms  of 
hydrogen  and  1  of  oxygen  unite  to  form  a  molecule  of 
water.  The  symbol  H^SO^  (sulphuric  acid)  shows  that 
1  molecule  of  the  sulphuric  acid  contains  2  atoms  of  hydro- 
gen, 1  of  sulphur,  and  4  of  oxygen. 

45.  Combination  by  Weight. — One  cubic  foot  of 
hydrogen  combines  with  just  1  cubic  foot  of  chlorine. 
But  on  weighing  each  gas  it  is  found  that  the  cubic  foot 
of  chlorine  weighs  35.5  times  as  much  as  the  cubic  foot  of 
hydrogen.  A  cubic  foot  of  oxygen  weighs  16  times  as  much 
as  a  cubic  foot  of  hydrogen. 

At  a  given  pressure  and  temperature  equal  volumes  of 
gases  contain  the  same  number  of  molecules.     Therefore, 
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1  cubic  foot  of  oxygen  must  contain  the  same  number  of 
atoms  as  1  cubic  foot  of  hydrogen.  Now,  since  the  former 
weighs  16  times  as  much  as  the  latter,  it  follows  that  an 
atom  of  oxygen  weighs  16  times  as  much  as  an  atom  of 
hydrogen.  Similarly,  an  atom  of  chlorine  weighs  35.6  times 
as  much  as  an  atom  of  hydrogen.  This  ratio  between  the 
weight  of  an  atom  of  any  element  and  the  weight  of  an  atom 
of  hydrogen  is  called  the  atomic  i^velglit  of  the  element. 
The  atomic  weight  of  any  element  may  be  found  by  dividing 
the  weight  of  a  given  volume,  say  1  cubic  foot  of  the  element 
when  in  a  gaseous  state,  by  the  weight  of  1  cubic  foot  of 
hydrogen  when  both  are  at  the  same  temperature  and  pres- 
sure. The  atomic  weight  is,  therefore,  much  the  same  thing 
as  specific  gravity,  except  that  the  weight  of  hydrogen  is  used 
as  the  standard  of  comparison  instead  of  the  weight  of  water. 

The  atomic  weights  of  the  elements  named  are:  Hydro- 
gen, H,  1;  oxygen,  O,  16;  nitrogen,  N^  14;  carbon,  C,  12; 
sulphur,  S,  32.  By  the  aid  of  these  atomic  weights,  the 
composition  of  any  substance,  by  weight,  called  its  molec- 
ular weig^lit,  can  be  found  when  its  symbol  is  known.  The 
molecular  weight  may  be  defined  as  the  ratio  of  the  weight 
of  a  molecule  of  a  substance  to  the  weight  of  an  atom  of 
hydrogen,  the  weight  of  the  latter  being  taken  as  1. 

Take  water,  symbol  H^0\  that  is,  there  are  2  atoms  of  H 
to  1  of  O.  Multiply  the  number  of  atoms  of  each  by  the 
atomic  weight  of  the  atom.     Thus, 

2x1=    2  parts  by  weight  of  hydrogen 
1  X  16  =  _16  parts  by  weight  of  oxygen 

18  parts  by  weight  of  water 
2 
Hence,  the  water  is  composed  of—  =  .1111  =  11.11  per 

If) 
cent,  of  hydrogen  and  -  ^  =  .8889  =  88.89  per  cent,  of  oxygen. 
18 

As  another  example,  take  carbon  dioxide,  CO,.     Then, 

1  atom  of  C  X  atomic  weight,  12  =  12  parts  by  weight  of  C 

2  atoms  of  O  X  atomic  weight,  16  =  32  parts  by  weight  of  O 

44  parts  by  weight  of  C(9, 
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12 
Hence,  CO^  contains  \-^  =  .2727  =  27.27  per  cent,  carbon, 
44 

32 
and    -  =  .7273  =  72.73  per  cent,  oxygen.     These  examples 
44 

show  that  the  molecular  weight  of  Vater  is  18  and  of  carbon 

dioxide  44. 

46.  Mixtures. — Two  or  more  substances,  either  ele- 
ments or  compounds,  may  be  mixed  together  and  yet  not 
combine  to  form  a  new  substance.  They  are  then  said  to 
form  a  mixture.  The  mixture  has  the  properties  of  the 
substances  composing  it.  The  most  familiar  example  of  a 
mixture  is  ordinary  air.  It  is  composed  of  oxygen  and 
nitrogen,  23  parts  by  weight  of  the  former  to  77  parts  by 
weight  of  the  latter.  The  two  gases  are  not  combined 
chemically;  they  are  simply  mixed. 


ELEMENTS    OF    COMBUSTION 

47.  Definitions. — Combustion  is  a  very  rapid  chem- 
ical combination.  The  atoms  of  some  of  the  elements  have 
a  very  great  affinity,  or  attraction,  for  those  of  other  ele- 
ments, and  when  they  combine  they  rush  together  with  such 
rapidity  and  force  that  heat  and  light  are  produced.  Oxygen^ 
for  example,  has  a  great  attraction  for  nearly  all  other  ele- 
ments. An  atom  of  oxygen  is  ready  to  combine  with  almost 
any  substance  with  which  it  comes  in  contact.  For  carbon, 
oxygen  has  a  particular  liking,  and  whenever  these  elements 
come  in  contact  at  a  sufficiently  high  temperature,  they  com- 
bine with  great  rapidity.  The  combustion  of  coal  in  the 
furnace  of  a  boiler  is  of  this  nature.  The  temperature  of 
the  furnace  is  raised  by  kindling  the  fire,  and  then  the  carbon 
of  the  coal  begins  to  combine  with  oxygen  taken  from  the 
air.  The  combination  is  so  rapid  and  violent  that  a  great 
quantity  of  heat  is  given  out. 

The  elements  that  enter  into  combustion  are  oxygen,  and 
usually  either  carbon  or  hydrogen.  Coal,  wood,  and  other 
fuels  are  composed  almost  entirely  of  these  three  elements. 
Combustion  is,  therefore,  a  rapid  chemical  combination  of 
oxygen  with  either  carbon  or  hydrogen,  or  both. 
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48,  When  carbon  and  oxygen  combine  they  form  C6>„  or 
carbon  dioxide;  when  hydrogen  and  oxygen  combine  they 
form  water,  HtO\  these  are  called  the  products  of  corn- 
bus  tiou.  When,  as  is  ordinarily  the  case,  the  oxygen  is 
obtained  from  the  air,  the  nitrogen  of  the  air  passes  into  the 
furnace  with  the  oxygen.  It  takes  no  part  in  the  combustion, 
but  passes  through  the  furnace  and  up  the  chimney  with 
the  C6>«  without  any  change  in  its  nature;  it  is,  however, 
usually  called  a  product  of  combustion  in  air. 

49.  Weisrlit  and  Volume  of  Air  Required  for  Com- 
bustion.— Carbon  dioxide,  C6>«,  is  composed  by  weight  of 
12  parts  of  carbon  and  32  parts  of  oxygen.     Hence,  to  bum 

32 
a  pound  of  carbon  requires  —  =  2i  pounds  of  oxygen.     If 

1 A 

the  oxygen  is  taken  from  the  air,  which  contains  only  23  per 

cent,  of  oxygen,  it  will  take  2i  -5-  .23  =  11,6  pounds  of  air 

to  supply  the  2f  pounds  of  oxygen.     The  combustion  of  a 

pound  of  carbon  may  be  represented  as  follows: 

Elbmbnts  Products 

1     pound  carbon   .      1       pound  carbon    .   .  1        „  __ 

f  o  c'T  ^  \  3.67  pounds  CO^ 

--  o  ,      .  I  2.67  pounds  oxygen  .    .  J  ^ 

11.6  pounds  air  .   .   .  i   o  r>o  j      •/  o  oo  j 

^  \  8.93  pounds  nitrogen  .      8.93  pounds  nitrogen 

12i6  12.6  12.6 

That  is,  1  pound  of  carbon  requires  11.6  pounds  of  air  for 
complete  combustion.  Of  this  air,  2.67  pounds  is  oxygen, 
which  combines  with  the  pound  of  carbon,  forming  3.67 
potmds  of  carbon  dioxide.  The  8.93  pounds  of  nitrogen 
contained  in  the  air  passes  off  with  the  C6>,  as  a  product  of 
combustion. 

Take,  next,  the  complete  combustion  of  1  pound  of  hydro- 
gen. The  product  of  the  combustion  is  water,  //,6>,  which 
is  composed,  by  weight,  of  2  parts  of  hydrogen  to  16  parts  of 

IR 
oxygen.     Hence,  1  pound  of  H  requires  -~  =.  %  pounds  of  O 

to  unite  with  it.  The  air  required  to  furnish  8  pounds  of  O 
is  8  -4-  .23  =  34.8  pounds.  The  process  of  combustion  is, 
therefore,  as  follow3: 
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Elements  Products 

1     pound  hydrogen  1     pound  hydrogen!  ^  ,  ^ ,,  ^^ 

f  ft     r./.i,«Hc  L^^L    \  9     pounds  water  {H^O) 
34.8  pounds  air  .    .  if  ^  P^"°f  ^!^y8:en    /        ^ 

126.8  pounds  nitrogen  26.8  pounds  nitrogen 

35^8  35^8  35^ 

50.  There  is  one  other  case  that  may  occur;  the  combus- 
tion of  carbon  may  not  be  complete.  If  insufficient  air  or 
oxygen  is  supplied  to  the  burning  carbon,  it  is  possible  for 
the  carbon  and  oxygen  to  form  another  gas,  carbon  mon- 
oxide, or  CO,  instead  of  carbon  dioxide,  CO,. 

The  combustion  of  1  pound  of  carbon  to  form  CO,  of 
coiu-se,  requires  only  one-half  the  oxygen  that  would  be  nec- 
essary to  form  CO,.  This  is  because  in  CO  gas  1  atom  of 
carbon  seizes  1  atom  of  oxygen  instead  of  2  atoms.  To  burn 
1  pound  of  carbon  to  CO,  requires  11.6  pounds  of  air.  To 
burn  it  to  CO  would,  therefore,  require  but  5.8  pounds  of  air. 

51.  The  quantities  of  air  required  for  combustion  are 

shown  in  the  following  scheme: 

Product  of 

Combustion 

1  Pound  Air 

AT  62° 

{Water 
N't 


Carbon  burned  1    ,,  „  ,  ,-.,^        i,-     r    *  [Carbon  dioxide 

^     ^^  >  11.6  pounds,  or  152    cubic  feet  <  ^.., 

to  CO,  J  ^  I  Nit 

Carbon  burned  1     ^  ,,  ,  -«        ,_.      ^    .  [Carbon  monoxide 

^     ^^.  >    5.8  pounds,  or   76   cubic    feet  <  ^..^ 

to  CO  J  ^  I  Nit 


Nitrogen 
Carbon  di 
Nitrogen 
Carbon  m 
Nitrogen 


52.  The  fuels  in  common  use  are  composed  chiefly  of 
carbon  with  sometimes  a  small  percentage  of  hydrogen, 
oxygen,  and  incombustible  matter,  called  ash.  When  the 
percentages  of  carbon  and  hydrogen  are  known,  the  air 
required  for  the  combustion  of  1  pound  of  the  fuel  is  easily 
found.  For  example,  suppose  that  a  certain  coal  has  91  per 
cent,  carbon  and  9  per  cent,  hydrogen.  To  burn  the  car- 
bon requires  152  X  .91  =  188.82  cubic  feet  of  air;  to  bum 
the  hydrogen  reciuires  4o7  X  .09  =  41.13  cubic  feet  of  air. 
Hence,  to  burn  1  pound  of  the  fuel  requires  138.32  +  41.13 
=  179.4.^)  cubic  feet  of  ai* 
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From  this,  the  following  rule  is  derived: 

Rule. — To  findy  in  cubic  feet^  the  quantity  oi  air  at  62^  ^. 
required  to  burn  1  pound  of  a  given  hiely  multiply  the  percentage 
of  carbon  by  152 ^  and  the  percentage  of  hydrogen  by  457;  add  the 
two  products. 

Or,  A  =  152  C+ 457/^ 

where    A  =  air,  in  cubic  feet; 

C  =  percentage  of  carbon,  expressed  decimally; 
H  =  percentage  of  hydrogen,  expressed  decimally. 

Example  1. — How  many  cubic  feet  of  air  are  required  to  burn 
1  pound  of  coal  containing  84  per  cent,  carbon,  6  per  cent,  hydrogen, 
7  per  cent,  oxygen,  and  4  per  cent,  ash? 

Solution. — ^Applying  the  formula, 

^  =  152  X  .84  -f  457  X  .05  =  150.53  cu.  ft.     Ans. 

Example  2.— How  many  cubic  feet  of  air  are  required  to  bum 
1  pound  of  coal  oil  containing  88  per  cent,  carbon,  11  per  cent,  hydro- 
gen, and  1  per  cent,  oxygen? 

Solution. — Applying  the  formula, 

^  =  152  X  .88  -f  457  X  .11  =  184.03  cu.  ft.     Ans. 

When  the  fuel  already  contains  oxygen,  a  little  less  air 
than  is  given  by  the  rule  is  required  to  burn  it;  if  it  contains 
sulphur,  a  little  more  air  will  be  required  than  is  given  by  the 
above  rule.  In  either  case  the  difference  is  very  slight.  It 
will  be  found  that  1  pound  of  coal  requires  practically  the 
same  amount  of  air,  whether  it  be  anthracite  or  bituminous. 
Roughly  speaking,  it  requires  about  12  pounds,  or  160  cubic 
feet,  of  air  to  bum  1  pound  of  carbon  or  coal.  If  less  air  is 
supplied,  the  combustion  is  imperfect;  that  is,  the  carbon 
burns  to  CO  instead  of  COt, 

53.  Rapidity  of  Combustion. — The  process  by  which 
oxygen  combines  with  other  substances  is  designated  by  the 
general  term  oxidation.  This  process  proceeds  with  vary- 
ing degrees  of  rapidity,  according  to  circumstances.  Slow 
oxidation  is  sometimes  described  as  slow-  combustion, 
but  the  term  combustion  is  generally  understood  to  mean 
rapid  oxidation,  which  causes  the  material  to  glow  with  light 

05—24 
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and  heat,  or  which  produces  flame.  The  temperature  at 
which  combustion  begins  is  called  the  point  of  Isruitlon. 

The  term  spoiitaiieoiis  coiubustlon  is  applied  to  those 
cases  in  which  ignition  takes  place  without  the  external 
application  of  heat.  It  may  occur  in  several  ways.  Thus, 
when  a  combustible  body  is  slowly  oxidized  and  the  heat 
evolved  is  prevented  from  escaping,  the  temperature  of  the 
body  will  gradually  rise,  the  oxidation  will  increase  in 
rapidity,  and  the  evolution  of  heat  will  proceed  faster,  until 
finally  the  temperature  reaches  the  point  of  ignition,  when 
the  body  takes  fire  and  burns.  This  is  liable  to  occur  in  a 
mass  of  oily  cotton  waste,  or  in  a  pile  of  closely  packed  hay 
or  straw  that  is  slightly  moist.  Large  heaps  of  coal  refuse, 
or  culm,  frequently  take  fire  from  this  cause,  especially  if  the 
refuse  contains  much  sulphur. 

Spontaneous  ignition  is  also  caused  by  rapid  absorption  of 
oxygen  from  the  air.  Thus,  freshly  made  charcoal  is  destitute 
of  oxygen,  and  when  it  is  exposed  to  the  air,  it  will  absorb 
oxygen  so  rapidly  that  it  is  very  liable  to  take  fire.  This 
may  be  prevented  by  moistening  the  charcoal  with  water. 

A  pipe  containing  steam  at  ordinary  pressure  will  cause 
spontaneous  ignition  of  wood  that  is  very  close  to  it,  or  in 
contact  with  it.  As  the  moisture  is  driven  out  of  the  wood 
by  the  heat,  oxygen  from  the  air  takes  its  place,  and  the 
woody  substance  becomes  oxidized  to  a  certain  extent.  The 
change  in  the  wood  is  increased  by  each  repetition  of  the 
process,  or  by  steadily  applied  heat;  and  the  wood  becomes 
brown  in  color,  then  begins  to  char,  and  finally,  when  the 
heat  is  unusually  high  or  the  change  from  cold  to  hot  is 
unusually  quick,  it  may  ignite  and  burst  into  flame. 

54.  In  burning  coal  and  similar  substances,  the  carbon 
must  be  heated  to  incandescence  before  the  oxygen  can  com- 
bine with  it  with  sufficient  rapidity  to  maintain  the  fire.  The 
heat  developed  is  partly  lost  by  radiation,  and  the  remainder 
is  spent  in  warming  the  oxygen  consumed  and  the  nitrogen 
that  accompanies  it,  and  in  raising  the  temperature  of  the 
carbon  to  incandescence.     This  latter  requirement  is  the  one 
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to  the  furnace  is  from  50  to  100  per  cent,  more  than  is  theo- 
retically necessary  for  the  combustion.  This  extra  quantity 
of  air  enters  at  a  temperature  of  60°  or  70°,  and  escapes  up 
the  chimney  at  a  temperature  of  from  400°  F.  to  600°  F. 
A  large  quantity  of  heat  is  thus  wasted  and  the  temperature 
of  the  fire  is  greatly  lowered.  Where  the  fire  is  outside  the 
boiler  and  the  furnace  is  surrounded  by  brickwork,  the  fur- 
nace temperature  may  be  2,500°  F.  or  3,000°  F.;  but  when 
the  furnace  is  inside  the  boiler  and  is  surrounded  on  all  sides 
by  water,  the  temperature  rarely  rises  above  2,000°  F.  and  is 
usually  less.  A  high  temperature  is  desirable,  since  the 
water  of  the  boiler  will  take  up  heat  much  faster  at  high 
furnace  temperatures  than  at  low  furnace  temperatures;  com- 
bustion is  also  more  perfect  at  high  temperatures. 

57.  Maxliniim  Evaporation  of  Water. — It  requires 
966.1  British  thermal  units  to  evaporate  1  pound  of  water  at 
212°  F.  into  steam  of  the  same  temperature  and  correspond- 
ing pressure.  Then,  the  greatest  weight  of  water,  that  is, 
the  theoretical  weight,  that  can  be  evaporated  from  and  at 
212°  F.  by  a  pound  of  a  given  fuel  is  found  by  dividing  its 
heat  of  combustion  per  pound  by  966.1. 

Example. — How  many  pounds  of  water  can  be  evaporated,  theo- 
retically, by  a  pound  of  coal  whose  heat  of  combustion  is  13,897  British 
thermal  units? 

13  897 

Solution.— Evaporation  =  -^^^y  ~  l^-^S  lb.    Ans. 

58,  Smoke. — All  kinds  of  coal  contain  more  or  less 
volatile  matter,  which  is  given  off  before  actual  combustion 
begins.  The  amount  given  off  by  anthracite  is  so  small  that 
it  usually  escapes  notice,  but  in  bituminous  coal  the  volatile 
matter  constitutes  from  15  to  30  per  cent,  of  the  total  weight. 
This  volatile  matter  largely  consists  of  carbon  compounds, 
which  are  distilled  off  at  a  temperature  lower  than  that  at 
which  the  fixed  carbon  of  the  coal  ignites.  If  these  volatile 
constituents  of  coal,  which  are  known  as  liydroearbons  and 
consist  chiefly  of  combinations  of  carbon  and  hydrogen,  are 
not  ignited  and  burned  completely  as  fast  as  they  are  dis- 
tilled off,  there  will  be  a  serious  loss  of  heat,  and  incidentally 
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a  dense,  black  smoke  will  be  formed.  The  coloring  matter 
giving  to  smoke  its  peculiar  color  is  carbon  in  a  finely  divi- 
ded state;  this  carbon,  combined  with  tarry  vapors  distilled 
oflE  during  the  combustion  of  coal  and  condensed  afterwards, 
forms  the  soft,  sticky  dust  known  as  soot.  This  soot 
deposits  on  all  surfaces  it  comes  in  contact  with;  being  a 
very  poor  conductor  of  heat  it  greatly  retards  the  transmis- 
sion of  heat  to  the  water  inside  of  steam  boilers.  The 
formation  of  black  smoke,  even  in  large  volumes,  is  not 
necessarily  an  indication  of  a  very  poor  combustion,  since  a 
very  small  amount  of  carbon  mixed  with  a  large  volume  of 
gases  of  combustion  will  give  them  a  dense  black  color.  On 
the  other  hand,  incomplete  combustion  and  the  formation  of 
black  smoke  often  exist  at  the  same  time. 

The  complete  combustion  of  the  hydrocarbons,  and  inci- 
dentally a  prevention  of  smoke,  can  be  insured  only  by  a  very 
high  furnace  temperature  and  an  adequate  air  supply  inti- 
mately mixed  with  the  gases  as  soon  as  they  are  distilled  off. 


EXAMPLES    FOR    PRACTICE 

1.  How  many  pounds  of  air  will  be  required  for  the  perfect  com 
bustion  of  7  pounds  of  carbon?  Ans.  81.2  lb. 

2.  A  fuel  is  88  per  cent,  carbon  and  12  per  cent,  hydrogen.  How 
many  cubic  feet  of  air  are  required  for  the  complete  combustion  o{ 

1  pound  of  the  fuel?  Ans.  188.Q  cu.  ft. 

3.  (a)  How  many  British  thermal  units  would  the  combustion  of 
the  pound  of  fuel  of  example  2  give  out?  (d)  How  many  pounds  of 
water  at  212°  F.  would  1  pound  of  this  fuel  evaporate? 

.       f(^)  20,288  B.  T.  U. 
^"^•\W  211b. 

4.  The  chemical  symbol  of  the  product  of  combustion  of  sulphur 
with  oxygen  is  SOt  (sulphurous  oxide).  What  is  the  composition  of 
this  gas  by  weight?  /Sulphur,  50  per  cent. 

^"^- 1  Oxygen,  50  per  cent. 

5.  Assume  that,  with  ordinary  draft,  double  the  theoretical  quantity 
of  air  is  used  to  burn  a  fuel.  Under  these  circumstances,  how  many 
cubic  feet  of  air  will  be  required  to  burn  115  pounds  of  coal,  the  chem- 
ical composition  being  //,  5  parts;  C,  IK)  parts;  O,  3  parts;  and  ash, 

2  parts;  total,  100  parts?  Ans.  3(>,719.5  cu.  ft. 

6.  What  is  the  heat  of  combustion  of  a  pound  of  coal  having  the 
composition  mentioned  in  example  5?  Ans.  16,007.5  B.  T.  U. 
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STEAM 


PROPERTIES    OF    STEAM 

59.  Formation. — Steam  is  water  vapor;  that  is,  it  is 
water  changed  into  a  gaseous  state  by  the  application  of  heat. 
The  process  of  changing  water  (or  other  liquid)  into  vapor  by 
means  of  heat  is  called  evaporation  or  vaporization. 

When  an  open  vessel  containing  water  is  placed  in  contact 
with  fire,  the  air  contained  in  the  water  is  first  driven  off  and 
escapes  from  the  surface.  The  water  in  contact  with  the 
part  of  the  vessel  nearest  the  fire  first  receives  the  heat  and 
expands.  Its  specific  gravity  is  reduced;  that  is,  it  becomes 
lighter  than  the  cooler  water  above  it,  and  it  rises  to  the  sur- 
face, cooler  water  taking  its  place.  In  this  manner  the  water 
keeps  up  a  circulation  until,  at  an  atmospheric  pressure  of 
14.7  pounds  per  square  inch,  it  reaches  a  temperature  of  212°. 
At  this  stage  the  molecules  nearest  the  fire  attain  such  a 
velocity  of  vibration  that  they  rise  through  the  water  above 
them,  overcome  the  pressure  of  the  air,  and  escape  in  the 
form  of  a  gas.     When  this  occurs,  the  water  boils. 

60.  Relation  of  Pressure  and  Temperature. — If  the 

pressure  on  the  surface  of  the  water  is  increased,  it  will  take 
more  work  to  force  the  molecules  to  the  surface;  that  is, 
more  heat  must  be  given  to  the  water  to  make  it  boil,  and 
therefore  the  boiling  point  will  be  raised.  Water  exposed 
to  an  atmospheric  pressure  of  14.7  pounds  per  square  inch 
boils  at  a  temperature  of  212°.  If  the  pressure  is  increased 
to,  say,  32  pounds  per  square  inch,  the  water  will  not  boil 
until  it  reaches  a  temperature  of  254°.  On  the  other  hand, 
if  the  pressure  is  lowered  to  6  pounds  per  square  inch,  the 
water  boils  at  170°.     Hence,  the  following  law  is  derived: 

Liaw. — An  increase  of  pressure  on  the  surface  of  a  liquid  raises 
the  boiling  point;  a  decrease  of  pressure  lowers  the  boiling  point. 

61.  Saturated  Steam. — Steam  in  contact  with  water  is 
called  saturated  steam.    This  is  the  condition  of  steam  in 
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a  boiler.  Steam  at  a  given  pressure  is  also  said  to  be  satu- 
rated when  its  temperature  is  the  same  as  the  temperature  at 
which  water  boils  when  subjected  to  the  same  pressure;  this 
is  true  even  though  the  steam  is  entirely  separated  from 
water.  According  to  the  law  given  in  Art.  60,  the  temper- 
ature of  saturated  steam  depends  only  on  the  pressure. 
When  the  steam  in  a  boiler  shows  a  gauge  pressure  of 
60  pounds,  its  temperature  must  be  307°.  A  thermometer 
placed  in  a  boiler  could  be  used  to  tell  the  pressure  of  the 
steam.  It  would  be  as  accurate,  though  not  as  convenient, 
as  a  steam  gauge. 

The  reader  is  cautioned  against  the  idea  that  saturated 
steam  necessarily  implies  **wet**  steam.  It  may  be  perfectly 
free  from  water  particles,  but  it  is  saturated  if  the  pressure 
and  temperature  are  mutually  dependent.  In  the  steam 
boiler,  for  example,  the  space  above  the  water,  if  viewed 
through  a  glass-covered  opening,  appears  to  be  perfectly 
transparent,  as  though  filled  with  air,  provided  the  boiler  is 
not  working.  This  shows  that  the  steam  that  fills  this  space 
is  perfectly  **dry.**  When,  however,  the  boiler  is  steaming 
rapidly,  the  violent  ebullition  may  throw  up  a  certain  amount 
of  water  in  the  form  of  a  spray,  that  mingles  with  the  steam, 
giving  it  the  misty  appearance  shown  in  the  exhaust  from  an 
engine.     Steam  in  this  condition  is  **7iW'*  saturated  steam. 

In  physics  the  word  saturation,  whence  the  term  saturated 
steam  has  been  derived,  has  a  meaning  somewhat  different 
from  that  commonly  assigned  to  it.  It  means  in  physics  the 
filling  of  a  space  with  vapor  to  that  point  where  condensation 
begins.  Then,  it  may  be  said  that  saturated  steam  is  steam 
subjected  to  a  pressure  at  which  condensation  is  about  to 
begin;  that  is,  the  slightest  abstraction  of  heat  or  the  slightest 
increase  in  pressure  will  cause  part  of  it  to  condense,  and  if 
the  steam  is  separated  from  the  water,  the  slightest  addition 
of  heat  will  cause  it  to  become  superheated. 

62.  Supcrlioatod  Steaiii. — Steam  separated  from  water 
may  be  heated  like  air  or  any  other  gas  until  its  temperature 
is  higher  than  the  boiling  point  corresponding  to  its  pressure. 
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To  illustrate,  put  a  little  water  in  a  cylinder  open  to  the 
atmosphere,  as  shown  in  Fig.  16  at  a.  Suppose  that  the  area 
of  the  cylinder  is  100  square  inches;  then  the  pressure  of  the 
atmosphere  on  the  piston  is  14,69x100  =  1,469  pounds. 
The  number  14*69  is  a  little  more  exact  than  14,7  for  the 
normal  atmospheric  presiJiire  at  sea  level. 

When  a  part  of  the  water  is  chanjjed  to  steam,  as  at  ^» 
Fig;  16,  the  fiteam  is  in  a  saturated  state,  and  at  this  pressure 
its  temperature  cannot  be  higher  than  212°,  When,  however^ 
the  water  is  all  changed  to  steam,  as  at  r.  Fig.  16,  any  further 


-14e9lba. 


umib^ 


-14m  ibi. 


addition  of  heat  raises  its  temperature,  while  the  pressure 
remains  at  14.69  pounds  per  square  inch.  Steam  in  this 
latter  condition  is  known  as  siipi>rlioaterl  j^teiirn. 

The  specific  heat  of  superheated  steam  at  constant  pres- 
sure is  -4805,  or,  say,  .48  for  ordinary  purposes;  that  is^ 
.48  British  thermal  unit  will  raise  the  temperature  of  1  pound 
of  superheated  steam  P.  The  temperature  of  saturated 
steam  cannot  be  raised  if  the  pressure  remains  constant.  All 
the  heat  is  expended  in  changing  water  to  steam,  and  until 
all  the  water  is  vaporized  the  temperature  remains  constant. 
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If  the  steam  in  the  cylinder  has  been  subjected  to  a  uni- 
form pressure  greater  than  that  of  the  atmosphere,  its  tem- 
perature will  be  correspondingly  higher;  but  as  long  as  any 
water  remains,  any  addition  of  heat  will  merely  change  more 
of  the  water  to  steam  without  increasing  the  temperature. 
As  soon,  however,  as  the  last  drop  of  water  is  gone,  the 
effect  of  adding  more  heat  will  be  to  increase  the  tempera- 
ture. Superheated  steam  may  therefore  be  defined  as  steam 
separated  from  water  and  heated  so  as  to  give  it  a  tempera- 
ture higher  than  the  boiling  point  corresponding  to  its 
pressure.  

STEAM    TABLE 

63.  Chanfires  of  Steam  Properties. — Whenever  the 
pressure  of  saturated  steam  is  changed,  the  following  prop- 
erties change  with  it: 

1.  The  temperature  of  the  steam,  or,  what  is  the  same 
thing,  the  boiling  point. 

2.  The  number  of  British  thermal  units  required  to  raise 
1  pound  of  water  from  82°  (freezing)  to  the  boiling  point 
corresponding  to  the  given  pressure.  This  is  called  the 
keat  of  the  liquid. 

3.  The  number  of  British  thermal  units  required  to  change 
1  pound  of  water  at  the  boiling  temperature  into  steam  at 
the  same  temperature.  This  is  called  the  latent  heat  of 
vaporization,  or  simply  latent  lieat. 

4.  The  number  of  British  thermal  units  required  to  change 
1  pound  of  water  at  82°  to  steam  of  the  required  temperature 
and  pressure.  This  is  called  the  total  lieat  of  vai>orlza- 
tlon,  or  simply  total  heat. 

It  is  plain  that  the  total  heat  is  the  sum  of  the  heat  of  the 
liquid  and  the  latent  heat.  That  is,  total  heat  =  heat  of 
liquid  4-  latent  heat. 

5.  The  specific  volume  of  the  steam  at  the  given  pres- 
sure; that  is,  the  number  of  cubic  feet  occupied  by  1  pound 
of  steam  at  the  given  pressure. 

6.  The  density  of  the  steam;  that  is,  the  weight  of 
1  cubic  foot  of  the  steam  at  the  given  pressure. 
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All  these  properties  vary  with  the  pressure  of  the  steam. 
It  at  sea  level  steam  is  at  atmospheric  pressure,  the  tem- 
perature is  212°;  the  heat,  of  the  liquid  is  180.531  British 
thermal  units;  the  latent  heat,  966.069  British  thermal  units; 
the  total  heat,  1,146.6  British  thermal  units.  A  poimd  of 
steam  at  this  pressure  occupies  26.37  cubic  feet  and  1  cubic 
foot  of  the  steam  weighs  about  .037928  pound.  When  the 
pressure  is  70  pounds  per  square  inch  above  vacuum,  the 
temperature  is  302.774°;  the  heat  of  the  liquid  is  272.657 
British  thermal  units;  the  latent  heat  is  901.629  British  ther- 
mal units;  the  total  heat,  1,174.286  British  thermal  units. 
A  pound  of  the  steam  occupies  6.076  cubic  feet,  and  1  cubic 
foot  of  the  steam  weighs  .164584  pound. 

These  properties  have  been  determined  by  direct  experi- 
ment for  all  ordinary  steam  pressures,  and  are  given  in  the 
table  Properties  of  Saturated  Steam. 

64,  Explanation  of  Steam  Table. — Column  1  gives 
the  pressures  from  1  to  300  pounds.  These  pressures  are 
above  vacuum.  The  steam  gauges  fitted  on  steam  boilers 
register  the  pressure  above  the  atmosphere.  That  is,  if  the 
steam  is  at  atmospheric  pressure,  14.7  pounds  per  square 
inch,  the  gauge  registers  0.  Consequently,  the  atmospheric 
pressure  must  be  added  to  the  reading  of  the  gauge  to  obtain 
.the  pressure  above  vacuum.  In  using  the  table,  care  must 
be  taken  not  to  use  the  gauge  pressures  without  first  adding 
14.7  pounds  per  square  inch  for  places  at  sea  level.  As  the 
pressure  of  the  atmosphere  varies  with  the  altitude,  the  true 
atmospheric  pressure  can  always  be  obtained  by  consulting 
the  barometer.  The  barometric  reading  should  be  reduced 
to  pounds  pressure  per  square  inch  and  added  to  the  gauge 
pressure  in  order  to  obtain  the  correct  absolute  pressure  for 
the  time  and  place.  However,  in  nearly  all  engineering 
calculations,  it  is  customary  to  take  the  pressure  of  the 
atmosphere  at  14.7  pounds  per  square  inch.  Pressures 
registered  above  vacuum  arc  called   absolute  pressures. 

Column  2  gives  the  temperature  of  the  steam  when  at  the 
pressure  shown  in  column  1. 
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Column  3  gives  the  heat  of  the  liquid.  It  will  be  noticed 
that  the  values  in  column  3  may  be  obtained,  approximately, 
by  subtracting  3*2°  from  the  temperature  in  column  2.  If 
the  specific  heat  of  water  were  exactly  1.00,  it  would,  of 
course,  take  exactly  212  —  32  =  180  British  thermal  units  to 
raise  1  pound  of  water  from  32°  to  212°.  But,  experiment 
shows  that  the  specific  heat  of  water  is  slightly  greater  than 
1.00  when  the  temperature  of  the  water  is  above  62°,  and  it 
therefore  takes  180.631  British  thermal  units  to  raise  1  pound 
of  water  from  32°  to  212°. 

Column  4  gives  the  latent  heat  of  vaporization,  which  is 
seen  to  decrease  slightly  as  the  pressure  increases. 

Column  5  gives  the  total  heat  of  vaporization.  The  values 
in  column  5  may  be  obtained  by  adding  together  the  corre- 
sponding values  in  columns  3  and  4. 

Column  6  gives  the  weight  of  1  cubic  foot  of  steam,  in 
pounds.  As.  would  be  expected,  as  the  pressure  increases  the 
steam  becomes  denser  and  weighs  more  per  cubic  foot. 

Column  7  gives  the  number  of  cubic  feet  occupied  by 
1  pound  of  steam  at  the  given  pressure.  It  will  be  noticed 
that  the  corresponding  values  of  columns  6  and  7  multiplied 
together  always  produce  1.  That  is,  for  31.3  pounds  gauge 
pressure,  .110884  X  9.018  =  1.000,  nearly. 

Column  8  gives  the  ratio  of  the  volume  of  1  pound  of  steam 
at  the  given  pressure  and  the  volume  of  1  pound  of  water  at 
39.1°.  The  values  in  column  8  may  be  obtained  by  dividing 
62.425,  the  weight  of  1  cubic  foot  of  water  at  39.1°,  by  the 
numbers  in  column  6. 

65.  Directions  for  Usinp:  Steam  Table. — Manifestly 
it  would  be  impossible  to  compile  steam  tables  that  would 
include  the  values  corresponding  to  all  pressures.  The  table 
given  covers  the  range  of  pressures  likely  to  be  met  in 
practice.  For  values  that  are  not  given  in  the  table,  though 
within  its  range,  a  method  of  calculation  known  as  inter- 
polation may  be  used.  In  finding  the  values  of  /,  g,  Z,,  etc. 
for  an  absolute  pressure  of,  say,  76.35  pounds  per  square 
inch,  use  must  be  made  of  the  two  values  of  /,  ^,  Z,,  etc.,  and 
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also  of  the  two  values  of  p  given  in  the  table  that  are  nearest 
to  76.35  pounds;  that  is,  the  nearest  given  value  of  p  that  is 
less  than  76.35  pounds  and  that  which  is  greater  than 
76.35  pounds.  In  the  present  case,  these  two  values  are 
76  pounds  and  78  pounds.  In  like  manner,  for  any  other 
given  value  of  p  that,  though  within  the  range  of  the  table, 
is  not  given,  use  must  be  made  of  the  two  values  of  /  between 
which  it  is  included. 

66.  The  method  of  using  the  table  is  illustrated  by  the 
following  examples  and  their  accompanying  solutions. 

What  are  the  values  of  /,  ^,  A,  H,  V,  and  W  for  steam 
whose  gauge  pressure  is  61.65  pounds  per  square  inch? 

The  pressures  in  the  Steam  Table  are  absolute  pressures; 
hence,  when  the  gauge  pressure  of  steam  is  given,  14.7,  or 
whatever  may  be  the  normal  atmospheric  pressure  at  that 
time,  must  be  added  to  it  in  order  to  use  it  in  connection 
with  the  table.     Therefore, 

p  =  61.65  +  14.7  =  76.35  pounds  per  square  inch. 

Turning  to  the  table,  it  is  seen  that  this  pressure  lies 
between  the  two  given  values  76  and  78. 
(a)     To  find  /  (temperature): 

For^  =  78  pounds,  /  =  310.123° 
For^  =  76  pounds,  /  =  308.344° 

Difference,     2  pounds,  1.779° 

For  a  difference  in  pressure  of  2  pounds,  there  exists  a 
difference  in  temperature  of  1.779°.  A  difference  in  pres- 
sure of  1  pound  will,  therefore,  give  a  difference  in  tempera- 

1  779 
ture  of    *^—  =  .8895°.     The  actual  difference  in  pressure 

for  this  case  is  76.35  —  76  =  .35  pound.  Hence,  the  actual 
difference  in  temperature  will  be  .35  X  .8895  =  .311325°. 
say,  .311°.  This  means  that  if  the  pressure  of  saturated 
steam  is  changed  from  76  pounds  per  square  inch  to  76.35 
pounds  per  square  inch,  its  temperature  is  raised  through 
.311°.     Its  temperature  at  76  pounds  pressure  is  308.344°, 
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consequently,  its  temperature  at  76.35  pounds  pressure  is 
308.344 +  .311  =  308.655°. 

(d)     To  find  g  (sensible  heat): 

FoTp  =  78  pounds,  g  =  280.170  B.  T.  U. 
For;^  =  76  pounds,  g  =  278.350  B.  T.  U. 

Difference,    2  pounds,  1.820  B.  T.  U. 

For  a  difference  in  1  pound  pressure  there  will  be  a  differ- 

1  820 
ence  in  g  of    *  - —  =  .91  B.  T.  U.;  for  a  difference  in  .35  pound 
A 

pressure  there  is  a  difference  in  g  of  .91  X  .35  =  .3185  B.  T.  U. 

Hence,  the  sensible  heat  ^,  corresponding  to  a  pressure  of 

76.35  pounds  per  square  inch,  is  278.350  +  .3185  =  278.6685 

B.  T.  U. 

(c)  To  find  L  (latent  heat): 

FoTp  =  76  pounds,  L  =  897.635  B.  T.  U. 
Forp  =  78  pounds,  L  =  896.359  B.  T.  U. 

Difference.     2  pounds,  1.276  B.  T.  U. 

For  a  difference  of  1  pound  pressure,  the  difference  in  latent 
heat  is  ^-^^  =  .638  B.  T.  U.     .638  X  .35  =  .2233  B.  T.  U. 

By  comparing  p  and  L  in  the  table,  it  will  be  seen  that  as 
p  increases  L  decreases.  In  the  present  case,  therefore, 
there  must  be  subtracted  from  the  value  of  L  corresponding 
to  a  pressure  of  76  pounds  the  difference  due  to  the  actual 
difference  in  pressures.  That  is,  for  p  =  76.35  pounds, 
L  =  897.635  -  .2283  =  897.4117  B.  T.  U. 

(d)  To  find  //  (total  heat): 

Forp  =  78  pounds,  H  =  1,176.529  B.  T.  u! 
Fovp  =  76  pounds,  H  =  1,175.985  B.  T.  U. 

Difference,      2  pounds,  .544  B.  T.  U. 

As  above,  '^^^  =  .272;  .272  X  .35  =  .0952  B.  T.  U.  Hence, 

for  p  =  76.35  pounds,  //  =  1.175.985  +  .0952  =  1,176.0802 
B.  T.  U.    Ans. 
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(e)     To  find  W  (weight  per  cubic  foot): 
For;^  =  78 pounds ( pressure ),^F=  .182229 pound  (weight) 
For^  =  76 pounds ( pressure ),^r=  .177825  pound  (weight) 
Difference,  2  pounds  (pressure),  .004404  pound  (weight) 

Proceeding    as    before,  ^^^i  =  .002202;  .002202  X  .35 

=  .0007707.     Hence,  for  p  =  76.35   pounds,    IV  =  .177825 
+  .0007707  =  .1785957  pound. 

(/)     To  find  V  (volume  of  1  pound): 

For^  =  76  pounds,  V  =  5.624  cubic  feet 

For  p  =  7S  pounds,  y  =  5.488  cubic  feet 

Difference,     2  pounds,  .136  cubic  foot 

As  before,  ^  =  .068;  .068  X  .35  =  .0238  cubic  foot. 

Here  y  decreases  as  p  increases.  Hence,  as  in  (r),  the 
difference  must  be  subtracted  from  the  value  of  V  cor- 
responding to  76  pounds,  getting  for  p  =  76.35  pounds, 
V  =  5.624  -  .0238  =  5.6002  cubic  feet. 

Example  1. — Calculate  the  heat  required  to  change  5  pounds  of 
water  at  32°  into  steam  at  92  pounds  pressure  above  vacuum. 

Solution.— From  column  5,  the  total  heat  of  1  lb.  at  92  lb.  pressure 
is  1.180.045  B.  T.  U. 

1,180.045  X  5  =  5,900.225  B.  T.  U.     Ans. 

Example  2. — How  many  British  thermal  units  are  required  to  raise 
81  pounds  of  water  from  32°  to  250°  F!? 

Solution.— Looking  in  column  3,  the  heat  of  the  liquid  of  1  lb.  at 
250.293°  is  219.2G1  B.  T.  U.  219.261  -  .293  =  218.968  B.  T.  U.  =  heat 
of  liquid  for  250°.  Then,  for  8i  lb.  it  is  218.968  X  8i  =  1,861.228 
B.  T.  U.    Ans. 

Example  3. — How  many  foot-pounds  of  work  will  it  require  to 
change  60  pounds  of  boiling  water  at  80  pounds  pressure,  absolute, 
into  steam  of  the  same  pressure? 

Solution. — Looking  under  column  4,  the  latent  heat  of  vaporization 
is  895.108;  that  is,  it  takes  895.108  B.  T.  U.  to  change  1  lb.  of  water  at 
80  lb.  pressure  into  steam  of  the  same  pressure.  Therefore,  it  takes 
895.108  X  60  =  53,706.48  B.  T.  U.  to  perform  the  same  operation  on 
60  lb.  of  water. 

53.706.48  X  778  =  41,783,641.44  ft.-lb.    Ans. 
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Example  4. — Find  the  volume  occupied  by  14  pounds  of  steam  at 
30  pounds  gauge  pressure  at^ea  level. 

Solution. —  30  lb.  gauge  pressure  =  30  -h  14.7  =  44.7  lb.  absolute 
pressure.  The  nearest  pressure  in  the  table  is  44  lb.  and  the  volume 
of  a  pound  of  steam  at  that  pressure  is  9.403  cu.  ft.  The  volume  of  a 
pound  at  46  lb.  pressure  is  9.018  cu.  ft.    9.403  -  9.018  =  .385  cu.  ft., 

.385 

the  difference  in  volume  for  a  difference  in  pressure  of  2  lb.    — „— 

=  .1925  cu.  ft.,  the  difference  in  volume  for  a  difference  in  pressure  of 
1  lb.  .1925  X  .7  =  .135  cu.  ft.,  the  difference  in  volume  for  a  difference 
in  pressure  of  .7  lb.  Therefore,  9.403  -  .135  =  9.268  cu.  ft.  is  the 
volume  of  1  lb.  of  steam  at  44.7  lb.  pressure.  The  .135  cu.  ft.  is  sub- 
tracted from  9.403  cu.  ft.,  since  the  volume  is  less  for  a  pressure  of 
44.7  lb.  than  for  44  lb. 

9.268  X  14  =  129.752  cu.  ft.    Ans. 

Example  5.— Find  the  weight  of  40  cubic  feet  of  steam  at  a  tem- 
perature of  254°  F. 

Solution. — The  weight  of  1  cu.  ft.  of  steam  at  254.002**,  from  the 
table,  is  .078839  lb.  Neglecting  the  .002°,  the  weight  of  40  cu.  ft.  is, 
therefore, 

.078839  X  40  =  3.15356  lb.    Ans. 

Example  6. — How  many  pounds  of  steam  at  64  pounds  pressure, 
absolute,  are  required  to  raise  the  temperature  of  300  pounds  of  water 
from  40°  to  130°  F.,  the  water  and  steam  being  mixed  together? 

Solution. — The  number  of  heat  units  required  to  raise  1  lb.  from 
40°  to  130°  is  i:W  -  40  =  90  B.  T.  U.  (Actually  a  little  more  than  90 
would  be  required,  but  the  above  is  near  enough  for  all  practical 
purposes.)  Then,  to  raise  300  lb.  from  40°  to  130°  requires  90  X  300 
=  27,000  B.  T.  U.  This  quantity  of  heat  must  necessarily  come  from 
the  steam.  Now,  1  lb.  of  steam  at  64  lb.  pressure  gives  up,  in  con- 
densing, its  latent  heat  of  vaporization,  or  905.9  B.  T.  U.  But  in  addi- 
tion to  its  latent  heat,  each  pound  of  steam  on  condensing  must  give 
up  an  additional  amount  of  heat  in  falling  to  130°.  Since  the  original 
temperature  of  the  steam  was'2^H).805°  F.  (see  table),  each  pound  gives 
up  by  its  fall  of  temperature  2t)6.805  -  180  =  166.8a')  B.  T.  U.  There- 
fore, each    pound  of  the  steam  gives   up    a   total    of   905.9  -|-  166.805 

=  1.072.705  B.  T.  U.     It  will,  therefore,  take  ,^/'^^^  =  25.17  lb.  of 

1,(J/J./UD 

steam  to  accomplish  the  desired  result.     Ans. 

Example  7. — How  much  steam  at  2  pounds  gauge  pressure  will  be 
condensed  in  a  pipe  coil  to  heat  8,800  pounds  of  water  from  60°  F.  to 
180°  F.,  the  condensed  steam  being  discharged  at  the  temperature 
corresponding  to  2  pounds  gauge  pressure? 
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Solution.—    2  lb.  gauge  pressure  =  2  -f  14.7  =  16.7  lb.   absolute 

pressure.      Since  the  condensed  steam  is  discharged  under  the  same 

pressure  it  had  when  in  the  gaseous  form,  it  parts  only  with  its  latent 

heat.     By  interpolation,  the  latent  heat  of  1  lb.  of  steam  at  16.7    lb. 

pressure  is  found  to  be  961.475  B.  T.  U.     To  heat  8,300  lb.  of  water 

from  60°  F.  to  180°  F.  requires  8,300  X  (180  -  60)  =  996,000  B.  T.  U. 

996  000 
Then,  there  will  be  ;^i— v;.^  =  1,036  lb.  of  steam  required.    Ans. 
9ol.4/o 


QUALITY    OF    STEAM 

67.  In  order  to  measure  the  amount  of  heat  that  is  con- 
tained in  any  certain  amount  of  steam  and  that  will  be  given 
off  in  cooling  and  condensing,  it  is  necessary  that  the  pres- 
sure and  dryness  of  the  steam  be  carefully  ascertained. 

The  steam  that  is  used  for  heating  purposes  and  for  power 
is  seldom  dry,  but  is  mixed  with  a  greater  or  less  percentage 
of  water,  which  is  suspended  in  the  steam  in  the  form  of 
vapor.  The  presence  of  water  in  the  steam  greatly  impairs 
its  value  as  a  heating  agent.  Thus,  10  pounds  of  wet  steam 
containing  10  per  cent,  of  moisture  consists  of  9  pounds  of 
dry  steam  and  1  pound  of  hot  water.  At  an  absolute  pres- 
sure of  26  pounds  it  is  found  from  the  table,  Properties  of 
Saturated  Steam,  that  above  32°  F.,  9  pounds  of  dry  steam 
contains  10,402.4  British  thermal  units,  and  1  pound  of  water 
contains  211.1  British  thermal  units.  Then,  10  pounds  of 
the  wet  steam  contains  10,402.4  +  211.1  =  10,613.5  British 
thermal  units.  Since  10  pounds  of  dry  steam  contains 
11,558.2  British  thermal  units,  there  is  a  loss  of  11,558.2 
—  10,613.5  =  944.7  British  thermal  units  in  using  10  poimds 
of  steam  at  the  absolute  pressure  of  26  pounds,  containing 
10  per  cent,  of  moisture,  and  cooling  it  to  32®  F. 

68.  The  percentage  of  dry  steam  contained  in  a  given 
weight  of  wet  steam  is  called  the  quality  of  the  steam, 
and  is  determined  by  means  of  an  instrument  called  a 
calorimeter.  The  form  designed  by  Prof.  R.  C.  Car- 
penter, of  Cornell  University,  and  known  as  the  separating 
calorimeter^  is  shown  in  Fig.  17.  The  steam  to  be  tested  is 
passed  through  the  pipe  a  and  head  b  into  the  mechanical 
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TABIiE  VIII 

PROPERTIES  OF  SATURATED  STEAM 
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separator  c.  The  steam  escapes  through  a  series  of  fine 
holes,  and  passes  over  the  edge  of  the  cup  d  into  the  outer 
space  €.  It  passes  out  thence  through  the  shank  /  and  hose^ 
to  a  condenser  /;,  where  it  is  condensed.  The  sudden  change 
of  direction  of  the  flow  of  the  steam  in  passing  through  the 
fine  orifices  in  c  causes 
the  water  that  is  sus- 
pended in  the  steam  to 
be  thrown  into  the  cup  d. 
The  quantity  of  %vater 
thus  caught  in  the  cup 
is  shown  by  the  jrauge 
glass  I.  The  scale  /  is 
so  graduated  that  each 
division  indicates  t^ 
pound.  The  separator 
frees  the  steam  from 
entrained  water  in  a 
very  perfect  manner,  so 
that  only  practically 
dry  steam  passes  to  the 
condenser. 

The  rate  of  flow  of 
steam  is  limited  by  the 
size  of  the  orifice  in  /, 
which  is  usually  iV  inch* 
Condensation  with 
steam  at  GO  pounds 
gauge  pressure  will  oc- 
cur at  the  rate  of  about 
1  pound  in  3  minutes. 
The  condenser  should 
contain  from  75  to  80 
pounds  of  water,  which  should  be  as  cold  as  can  conveniently 
be  obtained,  and  should  fill  the  condenser  to  or  a  little  above 
the  zero  of  the  scale  f^  Each  division  of  the  scale  indicates 
A  pound.  As  the  steam  condenses,  the  water  level  will  rise, 
and  the  difference  between  the  successive  readings  of  the 
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scale  indicates  the  weight  of  dry  steam  actually  condensed. 
Readings  should  be  taken  simultaneously  on  the  scales  v 
and  y,  at  the  beginning  and  end  of  each  test.  The  steam  pres- 
sure should  be  accurately  measured  at  the  same  time.  The 
weight  of  steam  actually  tested  is  the  sum  of  the  weights  of 
the  steam  condensed  in  h  and  the  water  that  is  caught  in  d. 
The  instrument  must  be  warmed  up  slowly,  to  avoid 
breaking  the  gauge  glass.  The  full  pressure  of  steam 
should  then  be  admitted,  and  maintained  until  all  tests  are 
completed.  The  valve  and  pipe  connections  should  be  pro- 
tected with  good  non-conducting  material,  but  the  body  of 
the  instrument  and  the  condenser  should  be  left  uncovered. 

69.  If  steam  is  superheated,  it  obviously  contains  no 
moisture,  and  hence  the  separating  calorimeter  does  not 
indicate  superheating.  The  degree  and  amount  of  superheat 
is  most  readily  found  by  the  aid  of  a  high-temperature  ther- 
mometer and  an  accurate  steam  gauge.  The  difference 
between  the  indication  of  the  thermometer  and  the  tempera- 
ture of  saturated  steam  at  the  indicated  pressure,  the  tem- 
perature being  taken  from  the  steam  table,  will  be  the 
number  of  degrees  of  superheat.  If  this  number  be  multi- 
plied by  .48,  the  specific  heat  of  superheated  steam,  the 
product  will  represent  the  number  of  British  thermal  units  a 
pound  of  the  superheated  steam  will  give  up  in  cooling  to 
the  temperature  of  saturated  steam  at  the  same  pressure; 
conversely,  the  product  will  also  represent  the  number  of 
British  thermal  units  expended  in  raising  the  saturated  steam 
from  the  temperature  corresponding  to  its  pressure  to  that 
indicated  by  the  thermometer. 

70.  The  quality  of  wet  saturated  steam  is  found  as  follows: 

Rule. — To  find  the  quality  of  steam  from  tJu  indications  of 
a  separating  calorimeter,  divide  the  weight  of  condensed  water  in 
the  condenser  by  the  sum  of  the  weights  of  the  condensed  water 
in  the  condenser  and  tfie  entrained  ivater  collected  in  the  separator. 

W 

W  '\-  w 


§27  PRINCIPLES  OF  HEATING  63 

where      Q    =  quality  of  steam; 

W  =  weight  of  condensed  water; 
w    =  weight  of  water  in  separator. 

Example. — The  initial  reading  of  the  scale  on  the  separator  was 
.04  pound  and  the  final  reading  .28  pound.  The  scale  on  the  condenser 
indicated  .6  pound  at  the  beginning  and  16.8  pounds  at  the  ending  of 
the  test.     What  is  the  quality  of  the  steam? 

Solution. — Water  in  separator  =  .28  —  .04  =  .241b.  Water  in  con- 
denser =  16.8  —  .6  =  16.2  lb.    Applying  the  formula, 


exampl.es  for  practice 

1.  How  many  foot-pounds  of  work  are  required  to  change  42  pounds 
of  water  at  the  temperature  corresponding  to  a  pressure  of  88  pounds, 
absolute,  into  steam  at  a  temperature  corresponding  to  a  pressure  of 
105  pounds,  absolute?  Ans.   29,208,194.15  lb. 

2.  How  many  British  thermal  units  are  required  to  convert  25  pounds 
of  water  at  32°  into  109.6  cubic  feet  of  steam?      Ans.  29,541.1  B.  T.  U. 

3.  Find  the  number  of  British  thermal  units  required  to  change 
11  pounds  of  water  at  32°  into  steam  at  100  pounds  absolute  pressure. 

Ans.  13,000.526  B.  T.  U. 

4.  Find  the  weight  of  712  cubic  feet  of  steam  at  a  pressure  of 
33  pounds,  gauge.  Ans.  81.689  lb. 

5.  How  many  pounds  of  steam  at  47.3  pounds  pressure,  gauge,  are 
required  to  raise  120  pounds  of  water  from  55°  to  160°  at  atmospheric 
pressure?  Ans.  12.091  lb. 

6.  Find  the  volume  of  19  pounds  of  steam  at  a  pressure  of  62  pounds, 
gauge.  Ans.  105.952  cu.  ft. 

7.  Find  the  quality  of  the  steam  when  the  separator  scale  indicated 
.01  and  .31  pound,  and  the  condenser  scale  .2  and  19.5  pounds  at  the 
original  and  final  reading^s.  Ans.  98A7  per  cent. 
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PRINCIPLES  OF  AIR  HEATING 


TRANSMISSION  OF  HEAT  TO  AIR 


FUNDAMENTAI^    PRINCIPLES 

71  •  It  is  commonly  supposed  that  air  can  be  readily 
warmed  by  means  of  radiant  heat,  because  of  the  apparent 
effects  of  the  rays  of  the  sun  in  warming  the  atmosphere. 
This  belief,  however,  is  a  fallacy.  It  is  a  well-established  fact 
that  radiant  heat  produces  no  perceptible  effect  on  air  that  is 
pure  and  dry.  But  it  is  intercepted  and  readily  absorbed  by 
dust  and  the  vapor  of  water,  and  since  these  substances  are 
always  present  in  the  atmosphere,  they  operate  to  absorb 
heat  from  the  sun*s  rays,  and  to  impart  heat,  by  conduction, 
to  the  air  with  which  they  are  intermingled.  The  atmosphere 
is  also  warmed  by  contact  with  the  earth.  At  a  height  of 
3  miles  or  more,  the  air  is  nearly  free  from  moisture  and 
dust,  and  is  intensely  cold  at  all  times.  The  highest  part  of 
the  atmosphere  that  is  warm  enough  to  live  in  comfortably 
is  that  within  a  mile  or  so  of  the  earth's  surface. 

Air  can  be  heated  only  by  conduction;  that  is,  by  direct 
contact  with  hot  surfaces  or  substances.  The  prime  requi- 
site of  an  apparatus  for  heating  air  is  an  abundance  of  hot 
surfaces  over  which  the  air  may  travel.  Heating  surfaces, 
when  in  operation,  are  covered  with  a  thin  layer,  or  film,  of 
hot  air,  which  clings  to  the  metal  with  considerable  pertinac- 
ity. Since  the  air  in  this  film  is  practically  motionless,  it  is 
usually  called  dead  air.  All  heat  that  is  imparted  to  the 
cooler  air  outside  must  be  transmitted  through  this  film  by 
conduction.  If  the  air  is  not  in  perceptible  motion,  the  film 
will  be  quite  thick  and  the  transmission  of  heat  will  be  slow; 
but,  if  the  air  is  moved  in  a  current  over  the  hot  surface,  the 
film  of  dead  air  will  be  reduced  in  thickness  and  will  be  partly 
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swept  away,  and  the  rate  of  beat  transmission  will  be 
increased  accordingly.  It  is  evident,  therefore,  that  w^here 
air  is  to  be  heated^  circulation  of  it  is  very  necessary. 

72-  There  are  two  methods  of  securing  air  circulation; 
the  naturai'drafi  system,  which  operates  wholly  by  convec- 
tion, and  the  hrced-drafi  system,  in  which  the  air  is  propelled 
by  fans  or  blowers.  If  the  air  is  moved  by  mechanical 
meanSi  any  desired  velocity  may  be  given  to  it*  By  using 
a  high  velocity,  the  heating  surfaces  may  be  continually 


^^^^p^p^^^^^- ^--:$^^  :;^^^;m??$^^^:^;5^^^i^^^ 


Pio.  IS 

swept  clean  of  adherent  hot  air,  thus  enabling  the  trans- 
mission of  heat  to  be  made  with  maximum  rapidity.  The 
currents  that  are  induced  by  convection  move  at  very 
moderate  velocities;  consequently,  the  heatingf  surfaces  can- 
Dot  gi^e  the  same  degree  of  efficiency  as  with  the  forced- 
draft  system. 

T3*  Fig,  18  showi^.  in  horizontal  section,  the  loops  A,  A 
of  a  radiator  that  is  fitted  up  at  the  usual  distance  from  the 
wall  B,     Radiant  heat  is  transmitted  from  the  surfaces  as 
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indicated  by  the  radiating  lines.  An  examination  of  the 
lines  will  show  how  most  of  the  rays  of  heat  impinge  on 
the  radiator  loops  and  the  back  wall.  The  air  between  the 
loops  becomes  heated  by  convection,  by  being  brought  into 
direct  contact  with  them;  it  thus  becomes  lighter,  and  is 
buoyed  upwards,  as  it  were,  by  the  colder,  heavier  air  in 
the  room.  When  this  hot  air  leaves  the  radiator,  it  con- 
tinues to  flow  upwards,  and  while  flowing,  it  mixes,  to  a 
certain  extent,  with  the  colder  air  surrounding  it,  and 
thereby  becomes  perceptibly  decreased  in  temperature 
before  it  reaches  the  ceiling. 

Since  the  heated  air  thus  leaves  the  radiator  and  flows  up 
to  the  ceiling,  the  air  near  the  floor  must  flow  in  between 
the  surfaces  of  the  radiator  to  take  its  place.  This,  of 
course,  will  also  become  heated  and  flow  upwards;  hence,  a 
constant  circulation  of  air  is  going  on  while  a  radiator  is 
warming  a  room,  the  upward,  or  flow,  currents  being  imme- 
diately over,  or  near,  the  heating  surfaces,  and  the  return, 
or  downward,  currents  elsewhere  about  the  room.  The 
return  currents  that  fall  with  the  greatest  velocity  are  those 
near  exposed  windows  and  near  the  walls  farthest  from 
the  radiator. 

74,  The  transmission  of  heat  from  a  radiator  or  similar 
heating  device  to  the  air  that  surrounds  it  depends  mainly 
on  the  difference  in  temperature  between  the  hot  gas  or 
fluid  within  it  and  the  air  to  be  heated,  and  also  on  the 
velocity  given  to  the  film  of  air  that  is  in  close  contact  with 
the  heating  surfaces.  It  is  affected,  in  a  small  degree,  by 
the  form  of  the  heating  surfaces  and  also  by  their  condition, 
whether  smooth  or  rough.  Neither  the  kind  of  metal 
employed  nor  its  thickness  (within  the  range  usually 
employed  for  such  purposes)  seems  to  make  much  differ- 
ence. The  number  of  British  thermal  units  transmitted  per 
hour  through  1  square  foot  of  emitting  surface,  for  each 
degree  of  difference  in  temperature  between  the  fluids 
on  the  opposite  sides  of  the  heating  surface,  is  called  the 
coefficient  of  emission  of  that  heating  surface. 
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The  conditions  that  impede  the  emission  of  heat  by  radia- 
tion have  a  much  smaller  effect  on  the  transmission  of  heat 
by  conduction.  The  proportion  of  heat  emitted  by  radiation 
in  radiators  employed  for  direct  heating  is  seldom  more 
than  30  or  40  per  cent,  of  the  total  emission;  and  it  is  prac- 
tically nothing  in  indirect  heating.  As  air  is  not  heated 
appreciably  by  radiant  heat,  the  use  of  the  word  radiator 
to  indicate  a  steam  heater,  etc.  is  clearly  wrong;  but  the 
usage  is  so  firmly  established  that  the  error  cannot  very 
well  be  corrected. 

In  experimenting  with  the  condition  of  heating  surfaces  it  is 
found  that,  with  surfaces  of  various  kinds,  the  emission  of  heat 
is  about  as  follows,  the  total  emission  from  a  new  cast-iron 
plate  having  its  natural  surface  (as  cast)  being  taken  as  1: 

Cast  iron,  new 1.00 

Cast  iron,  rusty 1.02 

Wrought  iron,  ordinary  or  **black" 93 

Wrought  iron,  bright,  but  not  polished  .  .  .  .72 
Surface  covered  with  lampblack,  dull  ....  1.06 
Surface  covered  with  white-lead  powder,  dull  .1.06 

It  is  found,  also,  that  the  emission  is  affected  by  painting 
or  bronzing  about  as  follows,  the  amount  given  off  without 
paint  being  taken  as  1: 

Two  coats  of  asphaltum  paint 1.06 

Two  coats  of  white-lead  paint,  dull 1.09 

Rough  bronzing 1.06 

One  coat  of  glossy  white  paint 90 

This  last  item  shows  the  effect  of  a  glossy,  or  polished, 
surface  in  reducing  the  emission  of  heat. 

75.  In  heating  fluids  of  various  kinds,  it  has  been  found, 
by  experiment,  that  the  amount  of  heat  transmitted  within  a 
given  time  depends  less  on  the  kind  of  metal  used  in  the 
radiator  than  on  the  nature  of  the  fluids  that  are  brought  into 
contact  with  it. 

Steam  or  hot  water  will  impart  heat  to  one  side  of  a  metal 
plate  much  faster  than  air  will  absorb  it  from  the  opposite 
side;  consequently,  there  may  be  a  considerable  difference  in 
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eactent  between  the  interior  and  exterior  surfaces  of  a  radiator 
tube  that  is  employed  for  heating  air,  without  any  perceptible 
loss  of  efficiency.  But,  if  the  radiator  is  used  to  heat  water, 
the  inner  and  outer  surfaces  should  be  as  nearly  equal  as 
possible,  because  water  will  absorb  heat  from  the  metal  on 
one  side  as  rapidly  as  the  steam  will  impart  it  on  the  oppo- 
site side.  The  metal,  then,  should  be  made  as  thin  as  is 
consistent  with  strength  and  durability. 

If  hot  gas  is  used  to  heat  air,  as  in  hot-air  furnaces,  the  heat- 
absorbing  and  emitting  surfaces  should  be  of  equal  extent* 
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76,  Form- — Heating  surfaces  that  have  no  projections 
of  any  kind  are  classified  as  plain  surfaces,  while  those 
having  ribs,  knobs,  pins,  or  other  projecting  parts»  are  called 
extended  surfaces* 

The  object  sought  in  the  construction  of  extended  surfaces 
is  to  make  the  area  of  the  emitting  surface  greater  than  that 
of  the  absorbing  surface.  By  this  means  heat  may  be  trans- 
ferred, from  a  fluid  that  gives  it  oflF  readily  to  one  that  takes 
it  up  slowly,  with  but  little  decrease  in  temperature  of  the 
heat-transmitting  surfaces.  A  plate  having  extended  sur- 
faces will  emit  more  heat 
per  hour  than  the  same 
plate  without  the  exten- 
sions, but  less  than  a  plain 
plate  having  the  same  ac- 
tual area  of  exposed  sur- 
face. Thus,  in  Fig.  19  the 
internal  surfaces  marked  c  and  d  are  of  equal  area,  but 
the  heat  that  passes  through  c  is  emitted  from  the  whole 
exposed  surface  of  the  rib»  or  lu£,  while  that  which  passes 
through  d  is  emitted  from  a  smaller  surface*  The  emission 
through  €  will,  therefore,  be  larger  than  that  through  d. 
This  advantage  is  partly  neutralized,  however^  by  the 
lodgment  of  hot  air  in  the  spaces  between  the  projections. 
The  radiator  becomes  enveloped  in  a  layer  of  hot  air,  which 
does  not  move  away  by  convection.     This  greatly  impedes 
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the  transmission  of  heat  to  the  current  of  air  that  passes 
over  the  outer  ends  of  the  projections.  The  air  will  be 
warmer  at  the  surface  a  e  than  at  the  points  by  /. 

Extended  surfaces  have  no  advantage  over  plain  surfaces 
unless  the  velocity  of  the  air  passing  over  them  is  sufficient 
to  sweep  them  clean  of  hot  air  as  rapidly  as  it  is  formed. 
When  air  is  moved  wholly  by  convection,  as  is  the  case  when 
a  radiator  stands  in  still  air,  the  plain  surfaces  clear  them- 
selves of  hot  air  better  than  the  extended  surfaces  do,  and 
they  are  therefore  more  effective. 

In  making  comparisons  between  plain  and  extended  sur- 
faces, the  area  of  the  latter  should  be  computed  as  though 
the  projections  were  absent.  It  is  a  tedious  and  difficult  task 
to  compute  the  actual  exposed  area  of  extended  surfaces,  and 
such  estimates  are  always  liable  to  considerable  inaccuracy. 
It  is  the  custom  of  manufacturers,  however,  to  rate  extended 
surfaces  by  their  actual  exposed  area.  This  practice  is  very 
misleading  (especially  to  persons  who  are  not  aware  of  the 
lower  efficiency  of  such  surfaces)  when  the  radiators  are 
used  in  still  air  or  in  currents  of  low  velocity. 

77.  The  efficiency  of  a  heater  or  radiator  will  increase 
as  the  velocity  of  air  passing  over  it  is  increased,  but  not  in 
the  same  proportion.  With  increased  velocity,  the  duration 
of  contact  of  air  with  the  hot  surface  is  shortened,  and  the 
rise  of  temperature  will  be  less,  but  the  quantity  of  air 
heated  will  be  increased  so  much  that  the  total  heat  given 
off  from  the  radiator,  per  square  foot  of  surface  per  hour, 
will  be  increased. 

The  coefficient  of  heat  transmission  increases  approxi- 
mately as  the  square  root  of  the  velocity  of  the  air.  Thus, 
if  each  square  foot  of  surface  emits  4  British  thermal  units 
per  hour  for  each  degree  of  difference  in  temperature  of  the 
steam  and  the  cold  air  when  the  air  moves  260  feet  per 
minute,  the  rate  of  emission  when  the  velocity  of  the  air  is 

raised  to  600  feet  per  minute  will  be  ^^^^^2^  =  5.66  British 

V260 
thermal  units. 
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78.  Arrangement. — The  efficiency  of  a  radiator  will 
depend  to  a  considerable  extent  on  the  direction  in  which 
the  air  is  moved  over  the  heating  surfaces.  Fig.  20  shows 
a  vertical  tube  standing  in  still  air.     The  tube  is  heated  by 

steam,  and  its  surface  has  a  tem- 
perature that  is  practically  uni- 
form throughout.  The  air,  which 
is  warmed  at  the  lower  end  of  the 
tube,  flows  upwards  and  envelopes 
the  upper  part  in  a  current  of  hot 
air.  The  emission  of  heat  will 
be  slower  from  the  upper  part  of 
the  tube  than  from  the  lower  part, 
because  the  difference  in  tempera- 
ture between  the  air  and  metal  is 
less.  An  assumed  temperature  at 
the  various  points  is  marked  on 
the  sketch. 

A  similar  loss  of  efficiency  oc- 
curs in  a  common  coil  of  horizontal 
pipes  laid  vertically  over  one  an- 
other, as  shown  in  Fig.  21,  The 
L  upper  pipes  are  enveloped  in  the 
warm  air  that  has  been  heated  by 
the  lower  pipes. 

The  maximum  efficiency  can  be 
attained  by  placing  the  coil  or  radiator  in  a  horizontal  posi- 
tion, as  indicated  in  Fig.  22.  Each  tube  will  then  operate 
on  air  of   equally   low  temperature,  and   consequently  the 
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rate  of  emission  will  be  greater  than  in  the  cases  shown  in 
Figs.  20  and  21. 

If  radiator  tubes  are  grouped  together  in  large  numbers, 
as  in  Fig.  28,  the  efficiency  of  the  tubes  in  the  interior  of 
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the  group  will  be  much  less  tiian  that  of  the  outside  tubes, 

because  the  access  of  -^ 

cold  air  to  them  is  prac-  V-/ 

tically  cut  off,  and  they 

can   act   only   on    air(^ 

that   has    been    already 

warmed  by  the   outer  -^ 

tubes.    Their  efficiency  v-/ 

is  still  further  reduced 

by  the  fact  that  nearly  Q       Q       Q 

all  of  the  heat  that  they 

emit    by   radiation   is^-^       ^-^ 

intercepted    and   cutw       kJ 

off  by  the  outer  tubes. 

Therefore,  the  most  effective  form  of  radiator  or  coil  for 

direct  heating  is  one  having  only  a  single  row  of  tubes, 

If  the  inner  tubes  of  a 
group  can  in  some  way 
be  plentifully  supplied 
with  cold  air,  they  will 
be  as  useful  as  the  outer 
tubes.  When  forced 
circulation  is  employed, 
there  is  little  difficulty 
in  driving  the  cold  air 

over  the  whole  of  the  tubes;  but  with  natural  draft  only,  it  is 

necessary  to  modify  the 

shape  and  arrangement 

of  the  tubes  to  secure  a 

satisfactory  result. 
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79.  Figs.  24  and  25 
show  varieties  of  radi- 
ator tubes  that  are  so 
shaped  that,  when  they 
are  assembled  in  a 
group,  they  enclose  vertical  air  flues,  as  shown  at  a.  The 
bases  of  the  tubes  are  set  high  enough  above  the  floor  to 
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permit  an  abundant  flow  of  air  into  the  flues  at  the  bottom. 
Radiators  constructed  in  this  manner  are  called  flue  radi- 
ators. The  advantages  of  this  construction  are  that  the 
interior  parts  of  the  radiator  are  fairly  well  supplied  with  air, 
and  that  the  flues  impart  a  higher  velocity  to  the  air  than  it 
would  otherwise  obtain.  The  emissive  capacity  of  the  two 
forms  shown  in  Figs.  24  and  25  will  vary  greatly  with  the 
difference  in  the  relative  amount  of  plain  and  extended 
heated  surfaces  that  they  present,  and  also  with  the  propor- 
tion of  heating  surface  to  the  area  of  the  flues. 


HEATING  OF  BUILDINGS 


METHODS 

80.  The  methods  of  house  heating  now  in  vo.gue  may  be 
divided  into  two  classes,  called  direct  and  indirect.  The 
distinction  between  them  consists  solely  in  the  mode  of  sup- 
plying the  heat.  In  the  direct  method,  the  heat  is  emitted 
from  stoves  or  radiators  contained  within  the  room  to  be 
warmed;  in  the  indirect  method,  the  heat  is  supplied  by  a  cur- 
rent of  hot  air  that  is  brought  in  from  some  outside  source. 

Several  modifications  and  combinations  of  these  methods 
are  also  used.  The  so-called  direct-indirect  method  is 
one  in  which  the  room  is  warmed  not  only  by  the  direct 
action  of  a  radiator  or  heater,  but  also  by  a  current  of 
warmed  fresh  air  that  enters  the  room  from  the  outer  atmos- 
phere. This  fresh  air  is  compelled  to  pass  through  the 
heater  and  become  warmed  before  it  mingles  with  the  air  in 
the  room.  The  direct-indirect  system  is  a  combination  of  a 
system  of  direct  heating  with  one  of  direct  ventilation,  the 
ventilation  usually  being  limited  to  the  room  containing  the 
heater.  If  there  is  no  vent  by  which  air  may  flow  out  of 
the  room  at  the  same  time  that  the  fresh  air  flows  m,  the 
current  cannot  be  maintained,  and  the  heater  then  operates 
like  any  direct  heater. 

Indirect  heating:  systems  are  usually  combined  with  a  sys- 
tem of  ventilation,  but  are  sometimes  opeiated  without  it. 
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Indirect  heating  is  sometimes  practiced  by  means  of  a  heater, 
or  stack,  that  takes  cold  air  from  a  room  and,  after  warming 
it,  returns  it  to  the  same  room  through  the  ordinary  hot-air 
flues  and  registers.  This  method  is  highly  objectionable 
from  a  sanitary  point  of  view,  but  is  sometimes  used  for 
warming  hallways  or  large  rooms  that  contain  only  a  very 
few  people.  The  air  within  a  room  may  be  heated  and  kept 
warm,  without  introducing  any  fresh  air,  by  either  the  direct 
or  indirect  method.  Thus,  it  will  be  seen  that  ventilation  is 
not  inseparably  connected  with  either  system  of  heating. 

81.  The  direct  heating  system  is  usually  operated 
without  any  provision  for  ventilation,  and  it  is  not  desirable, 
therefore,  for  warming  dwellings  or  rooms  that  are  occupied 
by  people. 

Direct  heating  apparatus  emits  heat  both  by  radiation  and 
by  conduction.  But,  the  method  of  warming  apartments  by 
means  of  radiated  heat  is  a  very  poor  and  ineffective  one, 
since  radiant  heat  will  not  warm  air  directly.  Air  can  be 
heated  only  by  conduction  and  contact  with  warm  surfaces; 
consequently,  the  heat  that  is  radiated  from  the  heater  can 
only  be  utilized  by  an  indirect  process.  It  must  be  inter- 
cepted and  absorbed  by  some  intermediate  body,  which  will 
thus  become  warm,  and  will  in  turn  impart  the  heat  by  con- 
duction to  the  surrounding  atmosphere.  This  function  is 
performed,  in  practice,  by  the  walls  of  the  room,  the  furniture, 
draperies,  etc.  The  eflEect  of  the  radiant  heat  on  them  is 
to  spoil  the  varnish  and  the  glued  joints,  and  it  also  shrinks 
and  cracks  the  woodwork,  fades  the  hangings  and*  carpets, 
and  is  particularly  destructive  to  the  bindings  of  books. 

82.  The  old-fashioned,  low-down  grates  are  probably 
the  least  efficient  form  of  heaters  now  in  use.  They  have 
very  little  heating  surface  and  operate  mainly  by  radiating 
heat  from  the  incandescent  fuel.  The  heat  contained  in  the 
products  of  combustion  is  usually  carried  off  into  the  chim- 
ney and  wasted.  The  same  objections  apply  to  gas  grates, 
gas  logs,  and  many  forms  of  gas  stoves.  The  reflecting  gas 
stove  has  the  additional  defect  of  emitting  strong  light  from 
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a  point  near  the  floor.     Light  proceeding  from  such  a  low 
level  is  very  irritating  to  the  eyes. 

83.  The  ordinary  plain,  cylindrical  coal  stove  is  a  heat- 
ing device  of  low  efficiency.  The  hot  products  of  combus- 
tion are  discharged  into  the  chimney  before  they  have  time 
to  give  oflE  any  considerable  part  of  their  heat  into  the  room. 
Thus  the  greater  part  of  the  heat  evolved  from  the  fuel  goes 
to  waste  up  the  chimney.  These  stoves  are  very  deficient  in 
amount  of  heating  surface.  The  stovepipe  operates  as  a 
radiator,  to  some  extent,  by  transmitting  heat  from  the  hot 
gases  passing  through  it  to  the  air  around  it.  Base  lieat- 
ing  stoves  are  more  efficient,  because  they  are  provided 
with  flues  that  compel  the  hot  gases  to  circulate  under  the 
lower  part  of  the  stove  before  passing  oflE  to  the  chimney. 
The  amount  of  heating  surface  is  thus  increased,  and  the 
gases  are  given  more  time  in  which  to  impart  their  heat 
to  the  air  of  the  room. 

84.  A  double  heater  consists  of  a  stove  that  is  partly 
enclosed  in  a  jacket.  Cool  air  enters  the  lower  end  of  the 
jacket,  and  becoming  warmed  by  contact  with  the  hot  surface 
of  the  stove,  ascends  to  the  top  and  is  discharged  into  the 
upper  part  of  the  room.  The  jacket  increases  the  efficiency 
of  the  heater  by  increasing  the  velocity  of  the  hot-air  currents. 
The  double  heater  may  be  easily  adapted  to  the  direct- 
indirect  system  of  heating  by  supplying  the  jacket  with  fresh 
air  through  a  duct  leading  from  the  outer  atmosphere. 

Double  heaters  might  be  called  furyiacesy  but  in  practice 
the  term 'is  restricted  to  jacketed  heaters  of  large  size  con- 
structed with  a  large  ainount  of  heating  surface,  so  that 
great  quantities  of  air  may  be  heated. 

85.  Oil  stoves  and  gras  stoves  form  a  class  of  small 
portable  stoves  that  burn  oil  or  gas  and  are  designed  to 
heat  sinfjle  rooms.  These  are  made  singly,  and  also  in 
groups;  the  former  are  called  stoves,  and  the  latter  radiators. 
They  are  not  usually  connected  to  a  chimney,  and  they 
mingle  the  products  of  combustion  directly  with  the  air  of 
the  room.     The  entire  heat  contained  in  the  hot  gases  is 
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expended  in  warming  the  air,  and  in  that  respect  they  are 
remarkably  effective  heaters.  But,  for  warming  air  that  is  to 
be  breathed,  nothing  worse  could  be  devised,  since  they  vitiate 
the  air  very  rapidly. 

86.  All  cast-iron  stoves  have  one  defect,  which  is  in  some 
cases  a  serious  one.  When  cast  iron  is  heated  to  a  visible 
dull-red  heat,  it  is  no  longer  gas-tight,  and  carbon  monoxide 
will  leak  through  it  with  considerable  freedom.  The  gas 
seems  to  soak  into  one  side  of  the  cast-iron  plate  and  to 
exude  from  the  other,  just  as  water  will  soak  through  a  piece 
of  blotting  paper.  Wrought-iron  and  steel  plates  do  not  pass 
gases  to  any  noticeable  extent,  presumably  because  the 
metal  has  been  cTianged  in  character  during  the  process 
of  manufacture.  In  any  air-heating  apparatus  where  the  air 
passes  over  red-hot,  cast-iron  surfaces,  it  is  very  liable  to  be 
contaminated  more  or  less  by  this  poisonous  gas. 


GENERAL.    REQUIREMENTS 

87.  In  order  to  satisfactorily  heat  and  ventilate  a  room 
it  is  necessary  to  have: 

1.  A  uniform  distribution  of  heat  throughout  all  parts  of 
the  room,  as  far  as  possible. 

2.  A  thorough  diffusion  of  fresh  air  throughout  the  level 
or  zone  in  which  persons  breathe. 

3.  A  prompt  and  complete  removal  of  all  foul  air  from 
the  room. 

4.  A  means  of  preventing  all  waste  of  heat,  caused  by 
the  premature  escape  of  the  heated  air. 

6.  A  means  of  avoiding  perceptible  currents  or  drafts 
of  either  warm  or  cold  air. 

88.  If  the  air  in  a  room  is  cool  near  the  floor  and  hot  near 
the  ceiling,  the  inmates  of  the  apartment  are  likely  to  suffer 
from  cold  feet  and  congested  heads.  The  congestion  will  pro- 
duce headache,  stupidity,  and  nervous  irritability^  and  if  long 
continued  will  lead  to  indigestion,  weak  sight,  and  general 
debility.  It  is  especially  injurious  to  school  children.  Study 
naturally  produces  some  congestion  in  the  head,  and  the  evil 
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is  greatly  aggravated  if  they  are  also  compelled  to  endure 
unequal  heating.  The  first  effect  is  to  dull  the  perceptions 
and  render  study  more  difficult  than  it  would  otherwise  be, 
thus  defeating  the  purpose  for  which  schools  are  maintained. 
When  persons  are  exposed  to  radiant  heat  on  one  side 
only,  as  when  sitting  in  front  of  a  grate  or  stove,  they  are 
liable  to  be  warmed  very  unequally.  The  results  are  lan- 
guor, drowsiness,  and  general  depression.  The  effects  of 
radiant  heat  on  the  back  of  a  person  are  worse  than  on  the 
front.  It  is  not  the  exposure  to  high  temperature  merely 
that  injures;  it  is  the  inequality  of  heat  on  the  opposite  parts 
of  the  body.  

TEMPERATURE    REGULJLTION 

89.  The  method  that  may  be  used  for  controlling  the 
temperature  of  the  air  within  a  building  depends  on  the  sys- 
tem of  heating  that  is  employed,  and  also  on  the  heating 
agent,  whether  steam,  hot  water,  or  hot  air.  The  emission 
of  heat  from  a  steam  radiator  may  be  graduated  in  several 
ways:  ( 1 )  By  dividing  the  radiator  into  several  independent 
sections  and  admitting  steam  to  more  or  less  of  them,  as 
desired.  (2)  By  admitting  steam  at  full  presstwe  and  shut- 
ting it  off  again  at  moderate  intervals,  in  regular  alterna- 
tion; the  average  temperature  of  the  radiator  thus  obtained 
depends  on  the  relative  length  and  frequency  of  the  inter- 
vals. (3)  By  varying  the  pressure  of  the  steam.  The  first 
method  is  a  good  one  and  is  used  to  some  extent,  but  its 
general  use  is  prevented  by  the  lack  of  suitable  apparatus. 
The  expense  of  adapting  the  varieties  of  radiators  now  on 
the  market  and  making  the  necessary  connections  with  the 
valves  of  the  ordinary  kind  is  almost  prohibitory. 

The  second  method  is  usually  carried  out  by  means  of 
automatic  valves,  which  are  similar  in  general  principle  to 
pressure-reducing  valves. 

The  third  method  is  commonly  applied  by  varying  the 
intensity  of  the  fire  under  the  boiler,  or  by  the  use  of  an 
automatic  pressure-reducing  valve,  the  adjustment  being 
varied  to  give  the  desired  steam  pressure. 
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90.  The  emission  of  heat  from  a  hot-water  radiator  may 
be  graduated  by  adjusting  the  inlet  valve,  thus  controlling 
the  amount  of  hot  water  that  flows  through  it. 

91.  When  the  indirect  heating  system  is  employed,  the 
temperature  of  the  air  that  is  delivered  by  the  apparatus 
may  be  controlled,  not  only  by  modifying  the  emission  of 
heat  from  the  radiators,  but  by  mixing  the  hot  air  with  a 
sufficient  quantity  of  cold  air  to  obtain  the  temperature 
desired.  The  former,  method  is  so  slow  in  operation  that  it 
is  not  generally  satisfactory;  but  the  latter  method  produces 
the  desired  result  very  promptly  and  is  also  easy  to  manage. 

92.  When  hot-air  furnaces  are  used  for  heating,  the 
methods  of  controlling  the  temperature  by  mixing  or  by 
operating  the  registers  are  the  only  ones  which  will  give 
satisfaction.  Regulation  by  varying  the  fire,  even  although 
it  is  most  commonly  done,  is  slow  and  uncertain,  and  infe- 
rior to  the  other  methods  named.  ^^— 


CHIMNEY   DRAFT 


THEORY 

93.  The  upward  motion  of  a  column  of  air  within  a  flue, 
or  gases  of  combustion  within  a  chimney,  is  called  draft. 
Natural  draft  is  produced  by  the  difference  between  the 
weight  of  the  column  of  gas  within  the  chimney  or  flue  and 
the  weight  of  the  same  bulk  of  cold  air.  It  is  well  known 
that  any  gas,  when  heated,  is  lighter,  bulk  for  bulk,  than 
when  cool.  Now,  when  the  hot  gases  pass,  say,  into  the 
chimney,  they  have  a  temperature  of  400°  or  500°.  while 
the  air  outside  the  chimney  has  a  temperature  of  from  40°  to 
90°.  Roughly  speaking,  the  air  weighs  twice  as  much,  bulk 
for  bulk,  as  the  hot  gases.  Naturally,  then,  the  pressure 
in  the  chimney  is  a  little  less  than  the  pressure  of  the  out- 
side air.  Consequently,  the  air  will  flow  from  the  place  of 
higher  pressure  to  the  place  of  lower  pressure;  that  is,  into 
the  chimney  through  the  furnace. 
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94.  The  intensity  of  the  draft,  that  is,  the  excess  of 
pressure  of  the  outside  air  over  the  pressure  existing  in  the 
chimney  or  flue,  is  measured  by  means  of  a  water  gauge, 
one  form  of  which  is  shown  in  Fig.  26.  As  will 
be  seen,  it  is  a  glass  tube  open  at  both  ends, 
bent  to  the  shape  of  the  letter  U;  the  left  leg 
communicates  with  the  chimney  or  flue.  The 
air  outside  the  chimney  or  flue  being  heavier,  it 
presses  on  the  surface  of  the  water  in  the  right 
leg  and  forces  some  of  it  up  the  left  leg;  the 
difference  in  the  two  water  levels  H  and  Z  in 
the  legs  represents  the  intensity  of  the  draft 
and  is  expressed  in  inches  of  water. 

95.  Chimneys  and  flues  that  are  cold,  or 
have  never  had  a  fire  connected  to  them,  will 
usually  exhibit  a  considerable  draft.  This  is 
due  to  the  fact  that  the  earth  constantly  warms 
the  air  near  its  surface.  Ordinarily,  the  air  thus 
warmed  rises  only  a  short  distance  before  it 
is  cooled  and  dispersed  by  convection  in  the  atmosphere, 
but  that  which  passes  up  the  chimney  is  protected  from 
convection,  and  is  maintained  in  an  unbroken  stream  to  the 
top  of  the  stack. 

The  heat  of  the  earth  causes  the  lower  rooms  of  a  house 
to  be  warmer  than  the  upper  ones.  Thus,  almost  any  flue 
will  show  a  positive  current  through  it,  because  the  temper- 
ature is  higher  at  the  bottom  than  at  the  top. 


Pio.26 


EFFECTS    OF    WIND    ON    CHIMNEYS 

96.  When  the  wind  blows  horizontally,  as  in  Fig.  27, 
the  air  that  is  compressed  at  A  flows  up  over  the  edge  of 
the  chimney  and  follows  the  path  of  the  arrows  a  and  h. 
This  current  deflects  the  wind  somewhat,  as  shown  by  the 
arrows  c  and  d,  and  lifts  it  above  the  leeward  edge  of  the 
chimney.  An  opportunity  is  thus  given  for  the  chimney 
gases  (which  are  shown  by  feathered  arrows)  to  pass  over 
the  edge  of  the  chimney  into  the  area  of  low  pressure  at  B, 
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As  the  velocity  of  the  wind  increases,  the  pressure  at  B 
becomes  less,  and  the  chimney  draft  is  augmented  corre- 
spondingly. If  the  wind  blows  upwards,  as  in  Fig.  28,  the 
area  of   low  pressure  is  formed   close    to  the   top  of   the 


Fio.  27 


Fig.  28 


chimney,  as  at  B,  and  the  escape  of  the  chimney  gases  is 
greatly  facilitated. 

If  the  wind  blows  downwards,  as  in  Fig.  29,  the  escape  of 
the  chimney  gases  is  cut  off,  and  unless  there  is  sufficient 
pressure  behind  them  to  deflect  or  lift  the  wind  at  the  mouth 
of  the  chimney,  a  back  draft,  or  blow-down,  will  be  produced. 
All  that  part  of  the  wind  that  is  included  between  the  dotted 
lines  a  and  b  tends  to  blow  downwards  in  the  chimney,  but  its 


Fig.  29 


Pig.  30 


pressure  is  reduced  as  soon  as  it  enters  the  chimney,  because 
it  is  then  compelled  to  fill  a  larger  area. 

97.     The  beneficial  effect  of   ordinary  horizontal  winds 
on  the  draft  of  a  chimney  may  be  increased  by  means  of  the 
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circular  deflector  C shown  in  Fig.  30.  That  part  of  the  wind 
that  is  intercepted  by  the  curved  surface  of  C  is  deflected 
strongly  upwards  and  operates  to  lift  the  main  current  of 
wind  well  above  the  top  of  the  chimney.  Thus»  the  chimney 
gases  are  givea  a  g^ood  opportunity  to  escape  over  the  lee- 
ward edge,  as  indicated  by  the  arrows. 

The  influence  of  the  wind  on  a  chimney  is  greatly  affected 
by  the  location  of  the  chimney  relatively  to  the  roofs  of 
surrounding  buildings. 

98-  Fig,  31  illustrates  the  action  of  the  wind  on  an  ordi- 
nary inclined  roof.  The  draft  of  the  chimney  A  will  be  aided 
by  the  upward  slant  of  the  wind  currents,  w^hich  are  caused 
by  the  inclination  of  the  roof.  The  draft  of  the  chimney  B 
will  be  opposed  and  spoiled  by  the  downward  inclination  of 
the  wind  currents.  As  the  wind  passes  off  the  roof  to  the 
rear  of  the  house,  it  will  whirl  downwards  on  to  the  lower 


toot,  as  shown.  These  dowmward  currents  will  interfere  seri- 
ously with  the  draft  of  the  chimney  C  and  will  in  many 
cases  drive  the  smoke  down  the  chimney  and  out  into  the 
interior  of  the  house*  This  trouble  may  be  remedied  by 
extending  the  chimney  by  means  of  a  pipe  and  cowl  /?. 
The  outlet  for  the  smoke  is  thus  carried  above  the  region  of 
downward  currents. 
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99.  Fig.  32  shows  the  behavior  of  the  wind  when  it 
encounters  a  large  vertical  surface,  such  as  the  end  of  a 
building.  The  greater  part  of  the  current  that  is  intercepted 
by  the  wall  a  is  deflected  upwards,  and  the  draft  of  the 


chimney  d  will  be  considerably  increased.  A  part  of  the  wind 
will  be  deflected  downwards  into  the  alleyway  b,  and  will 
cause  strong  horizontal  currents  lengthways  of  the  passage. 
It  will  also  blow  downwards  into  the  chimney  c. 
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PROPERTIES    AND    MOVEMENT    OF   AIR 


PROPERTIES    OF    AIR 


CHEMICAL    CONSTITUENTS 

!•  Atmospheric  air  is  composed  of  several  gases  that 
exist  independently  of  each  other.  They  are  thoroughly 
mingled  by  diffusion,  but  are  not  chemically  united  or  com- 
bined in  any  way.  The  principal  gases  in  air  are  oxygen, 
nitrogen,  water  vapor,  or  steam,  and  carbon  dioxide,  some- 
times called  carbonic-acid  gas,  the  last  forming  a  very  small 
portion  of  the  whole. 

The  weight  and  density  of  the  oxygen  and  nitrogen  are 
nearly  equal;  and  it  is  not  practicable  to  separate  them  by 
mechanical  means.  Wherever  the  oxygen  is  permitted  to 
go,  the  nitrogen  will  accompany  it,  because  no  means  are 
known  by  which  it  can  be  held  back. 

The  chemical  properties  of  the  gases  of  which  air  is  com- 
posed are  very  different.  Oxygen  supports  combustion,  and 
is  required  by  all  living  things  to  sustain  life.  Nitrogen,  on 
the  contrary,  operates  to  retard  combustion,  mainly  by 
absorbing  heat". 

In  breathing  air,  nitrogen  is  taken  into  the  lungs  along 
with  the  oxygen.  Nitrogen  is  not  known  to  be  of  any  use 
to  animals,  but  it  is  absorbed  from  the  air  and  converted  into 
useful  substances  by  several  varieties  of  plants,  such  as  peas 
and  beans,  and  notably  by  the  common  red  clover. 

For  notict  of  co^righl,  see  page  immediately  following  the  title  page 
128 
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Pure  oxygen  may  be  breathed  with  impunity,  and  persons 
may  live  in  it  for  a  short  time  without  serious  harm;  but,  as  the 
so-called  vital  energy  of  pure  oxygen  is  so  much  greater  than 
that  of  the  air  to  which  the  limgs  are  accustomed,  a  person 
breathing  oxygen  alone  will  become  feverish  and  intoxicated. 
The  proportions  of  oxygen  and  nitrogen  in  air  vary 
slightly  at  times,  but  not  to  any  important  exteftt.  The 
average  composition  of  1  pound  of  dry  air  is: 

Pound 

Oxygen 2309 

Nitrogen 7687 

Carbon  dioxide 0004 

Water  will  absorb  more  oxygen  than  nitrogen;  conse- 
quently, the  air  that  permeates  a  body  of  water  contains  a 
much  larger  percentage  of  oxygen  than  that  in  the  atmosphere. 

In  the  above  statement  of  the  composition  of  air,  the 
wQight  of  the  water  vapor,  or  steam,  that  always  exists  in 
the  natural  atmosphere  is  omitted,  and  the  figures  given  are 
true  only  for  air  that  is  void  of  moisture. 


WEIGHT    AND    VOLUME    OP    AIR 

2.  The  weight  of  a  cubic  foot  of  air  at  any  temperature 
and  pressure  may  be  calculated  thus: 

Rule. — Divide  the  absolute  pressure^  in  pounds  per  square 
inchy  by  ,37  times  the  absolute  temperature^  in  degrees  Fahrenheit, 

Or.  W.^^ 

where     W  —  weight  of  1  cubic  foot  of  air,  in  pounds; 

p  =  absolute  pressure,  in  pounds  per  square  inch; 
T  =  absolute  temperature,  in  degrees  Fahrenheit. 

Example. — What  is  the  weight  of  1  cubic  foot  of  air  at  a  tempera- 
ture of  60°,  the  absolute  pressure  being  14.7  pounds  per  square  inch? 
Solution.— Applying  the  formula, 

'^  =  737  y^m  +  m  =  "^^  ">•   ^"''- 

3.  In  Table  I,  the  second  column  has  been  calculated  by 
the  rule,  given  in  the  preceding  article,  for  an  atmospheric 
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pressure  of  14.7  pounds  per  square  inch,  absolute.  The 
temperatures  given  in  the  first  and  fourth  columns  of  the 
table  are  those  indicated  by  the  ordinary  thermometer;  that 
is,  they  are  not  absolute  temperatures. 


TABIiB  I 
PROPERTIES    OF    AIR 


Therm  ometric       1' 

Temperature 
Fahrenheit 

Weight  per 

Cubic  Foot 

Pound 

British  Thennal 
Units  Given  Up 
by  1  Cubic  Foot 

in  Cooling  to  0*  F. 

From  Temperature 
in  First  Column 

Therm  ometric 
Temperature 
'         'Fahrenheit 

Weight  per 
Cubic  Foot         1 
Pound             1 

^3  Q.g&-'  i  g 

o  ' 

.08637 

.0000 

7S 

.07426 

1.3228 

2 

.08600 

.0410 

80 

^07357 

1.3979 

4 

.08562 

.0813 

85 

.07290 

I.47I6 

6 

.08526 

.1215 

90 

.07223 

1 5440 

S 

.08489 

.1613 

95 

.07JS8 

1. 6151 

10 

.08453 

-2008 

100 

.07094 

1,6849 

12 

.08417 

2399 

1  ro 

,06970 

1.8209 

14 

.085S2 

,2787 

120 

.06850 

J.9523 

i6 

.08346 

*3i72 

130 

-06734 

2.0792 

i8 

.08312 

•3554 

140 

.06622 

2.2019 

20 

.08277 

3932  ' 

150 

-06513 

2.3204 

24 

»o82o8 

.4679 

160 

.06408 

2.4352 

28 

.08141 

'54M 

170 

.06306 

2.5461 

52 

.08075 

.6137 

180 

.06208 

2.6541 

36 

.08010 

.6849 

190 

,06112 

2.7582 

40  1 

.07946 

.7549 

200 

,06020 

2,8596 

45 

.07867 

.8408 

210 

.05930 

2.9576 

50 

.07790 

.9251 

220 

■05843 

3.0532 

55 

07714 

1.0077 

230 

•05758 

3-1455 

60 

.07640 

1.0888 

240 

.05676 

32354 

65 

07567 

1.1682 

250 

-05596 

3*3228 

70 

07496 

1.2463 

260 

.05518 

3.4076 
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4.  The  volume  of  air  and  its  weight  per  cubic  foot 
change  with  the  temperature.  The  final  volume  may  be 
computed  by  the  following  rule,  when  the  pressure  remains 
constant: 

Rule. — Reduce  both  the  original  and  final  temperatures  to 
absolute  temperatures.  Multiply  the  original  volume  by  the 
final  absolute  temperature  and  divide  by  the  original  absolute 
temperature.     The  quotient  will  be  the  final  volume. 

Or,  V.  =  ^ 

where    V  =  original  volume; 
F,  =  final  volume; 
T  =  original  absolute  temperature; 
Ti  =  final  absolute  temperature. 

Example. — What  will  be  the  volume  of  400  cubic  feet  of  air  having 
a  temperature  of  150°,  when  it  is  cooled  to  10°? 

Solution.— Applying  the  rule, 

^■—SoTri'^  ■»•■■»  "■«■*»■ 

5.  The  final  weight  of  a  given  volume  of  air  may  be 
computed  from  the  following  rule,  when  the  pressure 
remains-  constant: 

lliile. — Multiply  the  original  weight  by  the  original  abso- 
lute temperaiiir€y  and  divide  the  prodiut  by  the  final  absolute 
temperature.      The  quotient  will  be  the  final  weight, 

or.  W.  =  -^ 

where    W  =  original  weight; 
fFj  =  final  weight; 

and  the  other  letters  have  the  same  meaning  as  in  the  pre- 
ceding formula. 

Example. — A  chimney  of  1  square  foot  area  and  120  feet  high 
is  filled  with  hot  air  at  a  temperature  of  450°;  the  temperature  of 
the  atmosphere  is  ()0°;  what  is  the  difference  in  the  weight  of  the 
air  before  and  after 'it  is  heated?  The  pressure  is  14.7  pounds  per 
square  inch. 
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Solution. — The  volume  of  the  air  is  120  cu.  ft.  The  original 
weight  is  (see  Table  I)  120  X  .0764  =  9.108  lb.,  and  the  absolute  tem- 
perature is  60  -f-  460  =  520°.     Then,  applying  the  rule, 

_  9068^^520  _ 
^'-    460  +  450    -^^SSSlb. 

The  change  in  weight  =  9.168  -  5.2389  =  3.9291  lb.    Ans. 


n£AT    CONTAINED    IN    AIR 

6.  The  number  of  British  thermal  units  required  to 
change  the  temperature  of  a  given  volume  of  air  at  atmos- 
pheric pressure  can  be  found  as  follows: 

Rule. — Multiply  together  the  given  volume  of  air,  in  cubic 
feet,  the  number  of  degrees  Fahrenheit  through  which  it  is 
heated  or  cooled,  and  the  amount  of  heat  contained  in  1  cubic 
foot  of  air  at  the  higher  thermometric  temperature  given,  as 
shown  in  the  third  and  sixth  columns  of  Table  /.  This  product 
should  then  be  divided  by  the  higher  temperature,  in  degrees 
Fahrenheit,  The  quotient  will  be  the  amount  of  heat  absorbed 
or  given  off,  in  British  thermal  units. 

Or.  U^^^ 

t 

where    U  =  heat  required,  in  British  thermal  units; 
V  =  volume  of  air,  in  cubic  feet; 
d  =  temperature  change,  in  degrees  Fahrenheit; 
/  =  higher  temperature,  in  degrees  Fahrenheit; 
c  =  constant  corresponding  to  /,  taken  from  Table  I. 

Example.— A  current  of  hot  air  having  a  temperature  of  150*  and 
a  volume  of  400  cubic  feet  per  minute  is  cooled  in  passing  through  a 
certain  room  to  65°;  what  amount  of  heat  is  given  off  per  minute? 

Solution.— From  Table  I,  the  heat  contained  in  1  cu.  ft.  at  150*  is 
2.3204  B.  T.  U.    Applying  the  rule, 

£,=  1«0.><_(l'^-«i2<iA2O!  =  525.0,7  B.T.U.    An.. 

loU 

7.  The  number  of  British  thermal  units  required  to 
change  the  temperature  of  a  given  weight  of  air  at  a  con- 
stant pressure  is  given  by  the  following  rule: 


6  PRINCIPLES  OF  VENTILATION  §28 

Rule. — Multiply  the  specific  heat  of  air^  that  is^  .23751,  by 
the  weight  of  the  air,  in  pounds,  and  by  the  difference  in  the 
original  and  final  thermometric  temperatures,  in  degrees 
Fahrenheit.  The  product  will  be  the  amount  of  heat  given 
off  or  absorbed,  in  British  thermal  units. 

Or,  U  =  .23761  Wd 

where    U  =  heat  required,  in  British  thermal  units; 
IV  =  weight  of  air,  in  pounds; 
d  =  temperature  change,  in  degrees  Fahrenheit. 

Example. — How  much  heat  is  required  to  raise  250  pounds  of  air 
at  a  constant  pressure  to  150°  F.  from  10°  F.  ? 

Solution. — Applying  the  rule, 

U  =  .23751  X  250  X  (150  -  10)  =  8,312.85  B.  T.  U.    Ans. 

8.  By  a  transformation  of  the  rules  in  Arts.  6  and  7  it  is 
found  that  about  55  cubic  feet,  or  4.2  pounds,  of  air  at 
atmospheric  pressure  is  raised  1*^  F.  by  the  application  of 
1  British  thermal  unit,  or  cooled  1°  F.  by  the  abstraction 
of  1  British  thermal  unit.  These  values  have  been  calculated 
for  a  temperature  change  between  62°  and  63*^  F.,  and  are 
convenient  values  to  use  in  approximate  calculations. 


EXAMPLES    FOR    PRACTICE 

1.  What  is  the  weight  of  24  cubic  feet  of  air  under  37  pounds 
absolute  pressure  at  a  thermometric  temperature  of  160°  F.? 

Ans.  3.871  lb. 

2.  Suppose  that  250,000  cubic  feet  of  air  having  a  temperature  of 
110°  F.  is  raised  20°;    what  will  the  new  volume  be? 

Ans.  258.772  cu.  ft. 

3.  A  flue  having  an  area  of  2.5  square  feet  is  60  feet  high  and  con- 
tains air  at  55°  F.  at  a  pressure  of  14.7  pounds  per  square  inch. 
Suppose  that  this  air  is  heated  to  110°  F.;  how  much  less  will  the  air 
in  the  flue  weigh  after  heating  than  before  heating?         Ans.  1.116  lb. 

4.  What  amount  of  heat  is  required  to  raise  the  temperature  of 
2,429  cubic  feet  of  air  at  a  pressure  of  14.7  pounds  per  square  inch 
from  10°  F.  to  140°  F.?  Ans.  6,340.66  B.  T.  U. 

5.  How  much  heat  will  be  given  off  by  463  pounds  of  air  in 
cooling  at  a  constant  pressure  from  110°  F.  to  60°  F.? 

Ans.  5,498.36  B.  T.  U. 
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VITIATION  OF  AIR 


DEPLETION    OF    OXYGEN 

9.  Air  is  rendered  unfit  for  breathing  by  a  great  variety 
of  causes,  that  of  respiration  being  the  most  notable. 

Each  adult  person  breathes  about  twenty  times  per  minute 
and  inhales  about  30  cubic  inches  of  air  at  each  breath.  The 
air  on  entering  the  lungs  contains  about  79  per  cent.,  by 
volume,  of  nitrogen,  and  20.8  per  cent,  of  oxygen,  with  a 
very  small  fraction  of  carbon  dioxide;  but,  when  it  is  exhaled 
it  contains  only  about  15.4  per  cent,  of  oxygen,  while  the 
carbon  dioxide  is  increased  to  about  4.3  per  cent,  of  the  total 
volume.  The  quantity  of  available  oxygen  is  thus  reduced 
from  20.8  parts  to  15.4  parts,  or  very  nearly  26  per  cent. 
The  statement  is  commonly  made  in  technical  literature  that 
only  about  5  per  cent,  of  the  air  is  taken  up  by  the  lungs  and 
applied  to  the  uses  of  the  body,  but  this  mode  of  stating  the 
facts  is  misleading,  because  it  fails  to  convey  an  adequate 
idea  of  the  extent  to  which  the  air  is  actually  impoverished 
or  vitiated. 

The  oxygen  is  the  only  part  of  the  air  (excepting  the 
moisture)  that  serves  to  sustain  life.  The  nitrogen  is 
wholly  useless,  being  perfectly  inert,  and  is  expelled  from 
the  lungs  without  undergoing  any  change  whatever.  It  is 
inhaled  simply  because  it  is  so  thoroughly  mixed  with  the 
oxygen  that  its  inhalation  cannot  be  avoided.  Only  about 
21  per  cent,  of  the  air  is  of  any  use  for  sustaining  life;  the 
remainder  acts  merely  in  a  mechanical  way  to  dilute  the 
oxygen  and  increase  the  volume  of  the  mixture.  Air  that  is 
breathed  once  thereby  loses  26  per  cent,  of  its  oxygen;  or,  in 
other  words,  26  per  cent,  of  its  total  life-sustaining  power. 

10,  A  deficiency  of  oxygen  cannot  long  be  endured  by 
human  beings  or  animals  without  serious  injury;  but,  on  the 
other  hand,  an  excess  of  oxygen  is  not  harmful  unless 
the  excess  be  very  great.  It  has  been  shown  by  experiment 
that  men  can  live  in  pure  oxygen  for  an  hour  or  more  at  a 
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time  without  any  serious  inconvenience.  In  recent  years, 
the  breathing  of  oxygen,  either  pure  or  mixed  with  air  or 
medicinal  preparations  in  various  degrees,  has  been  employed 
with  considerable  success  for  the  cure  of  certain  forms  of 
disease. 

If  dwelling  houses  were  made  air-tight,  the  trouble  from 
the  vitiation  of  the  air  by  breathing  would  soon  become 
intolerable;  indeed,  it  would  be  difficult  to  maintain  life 
after  all  the  air  had  once  been  inhaled.  Fortunately,  how- 
ever, walls  are  generally  so  pervious  that  fresh  air  makes  its 
way  inwards  with  sufficient  rapidity  to  maintain  a  fair  pro- 
portion of  oxygen  to  the  impurities  in  the  air  in  the  room. 
This  infusion  of  fresh  air,  however,  may  fail  to  take  place  in 
small,  dark  rooms  remote  from  the  open  air,  and  in  vaults 
and  subterranean  rooms.  In  such  cases,  the  diminution  of 
oxygen  may  become  a  very  serious  matter. 

11.  The  amount  of  oxygen  consumed  per  hour  varies 
with  the  age  and  state  of  health  of  the  person,  and  also 
with  the  degree  of  activity — whether  asleep  or  awake,  or 
engaged  in  muscular  labor.  Animals  require  more  oxygen 
than  men. 

The  amounts  of  oxygen  consumed  per  pound  of  actual 
weight  (not  per  head),  are  in  the  following  proportions: 

Man,     100  Sheep,  117  Dog,        283 

Horse.  135  Ox,        132  Chicken,  312 

The  average  adult  man  consumes  oxygen  at  the  rate  of 
about  20  cubic  feet  per  day,  the  consumption  per  hour  being 
greater  while  he  is  engaged  in  active  labor  than  when  he  is 
quiet  or  asleep.  

INORGANIC    IMPURITIES 

12.  When  air  is  inhaled  by  the  lungs  of  living  creatures, 
the  oxygen  absorbed  by  the  lung  cells  comes  into  contact 
with  carbonaceous  matter  derived  from  the  food,  and 
combination  takes  place,  resulting  in  the  formation  of 
carbon  dioxide,  denoted  by  the  symbol  C(9,.  The  formation 
of  this  gas  in  the  lungs  is  practically  continuous,  only  a 
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portion  being  expelled  at  each  breath.  This  process  is  one 
of  combustion,  and  is  in  every  respect  the  same  as  that  which 
takes  place  in  a  furnace,  except  that  it  is  less  intense.  The 
carbon  is  supplied  at  a  rate  that  maintains  the  temperature 
at  about  98°  F.  The  amount  of  C(9,  thus  produced  in  24 
hours  averages  about  16i  cubic  feet  for  each  adult  person. 
Children  produce  a  little  less,  and  sick  people  often  consider- 
ably more.  The  rate  of  production  varies  from  hour  to  hour, 
according  to  the  muscular  activity  of  the  individual. 

The  effect  of  breathing  air  containing  an  unusual  amount 
of  carbon  dioxide  is  to  check  the  combustion  going  on  in  the 
lungs,  mainly  by  crowding  out  the  oxygen  to  a  harmful 
degree.  The  elimination  of  carbon  from  the  body  then  pro- 
ceeds too  slowly,  and  the  result  is  headache,  congestion,  and 
other  disorders.  If  the  vital  processes  are  thus  checked  to 
a  considerable  degree,  death  from  suffocation  is  likely  to 
ensue.  If  the  carbon  dioxide  is  not  accompanied  by  organic 
or  other  impurities,  air  containing  la  per  cent,  of  it  may  be 
breathed  for  an  hour  or  more  without  harm,  but  in  most  cases 
it  is  accompanied  by  other  poisonous  compounds  that  make 
one-tenth  of  that  proportion  hardly  endurable. 


ORGANIC    IMPURITIES 

13,  The  interior  surfaces  of  the  lungs  and  the  whole 
exterior  surface  of  the  body  exhale  moisture  continually, 
although  at  varying  rates.  Certain  other  substances,  more 
or  less  volatile,  are  exhaled  at  the  same  time.  They  have  an 
unpleasant  odor,  especially  when  abundant,  and  they  decom- 
pose very  readily,  giving  rise  to  odors  still  more  offensive. 
These  emanations  have  a  positively  toxic,  or  poisonous,  effect 
when  inhaled.  Their  exact  chemical  composition  is  difficult 
to  determine,  but  long-continued  and  careful  experiments 
have  made  it  certain  that  they  cause  great  discomfort  and  a 
feeling  of  oppression  when  present  in  the  air  in  moderate 
quantities,  and  that  when  concentrated  they  are  dangerous. 

The  quantity  of  organic  matter  thus  exhaled  appears  to 
to  bear  a  definite  proportion  to  the  amount  of  carbon  dioxide 
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produced  by  respiration  in  the  same  time.  The  ratio  is 
found  to  be  so  nearly  constant  that  the  precentage  of  the 
latter  may  safely  be  taken  as  an  index  of  the  quantity  of  the 
former  existing  in  the  air  from  the  same  cause. 

Organic  emanations  from  the  bodies  of  persons  troubled 
with  indigestion  and  various  gastric  and  intestinal  disorders 
serve  to  harmfully  pollute  the  air  of  dwellings  and  assembly 
rooms.  The  fermentation  and  decomposition  of  food  give 
rise  to  the  production  of  considerable  quantities  of  malo- 
dorous gases,  some  of  which  are  exhaled  through  the  skin, 
and  others  through  the  lungs.  The  breath  then  is  not  only 
fetid   but  is  liable  to  be  charged  with  putrefactive    germs. 

In  numerous  cases,  the  breath  is  also  made  foul  by  the  odors 
emitted  from  decaying  teeth,  and  occasionally  a  case  of  nasal 
catarrh  adds  its  disgusting  effluvium  to  the  stream  of  pollu- 
tion poured  into  the  air  of  the  room  at  each  respiration. 
Persons  who  use  tobacco,  whisky,  or  beer,  exhale  the  char- 
acteristic odors  of  these  substances  through  both  the  skin 
and  the  breath,  and  thus  do  much  to  pollute  the  air  around 
them.  Many  well-dressed  persons  permit  their  clothing  to 
become  so  saturated  with  the  products  of  perspiration  that 
they  constantly  emit  rank  odors,  quite  imperceptible  to 
themselves,  but  very  offensive  to  others. 

The  peculiar  offensiveness  of  organic  impurities  in  gen- 
eral fully  justifies  the  repugnance  that  is  felt  about  taking 
into  the  lungs  the  air  that  has  been  breathed  by  others,  or 
mingled,  even  to  a  small  extent,  with  the  exhalations  of 
their  bodies.  

DUST    AND    GERMS 

14.  The  dust  found  in  the  air  of  dwellings,  etc.  is  com- 
posed mainly  of  small  fibers  of  cloth  and  wood,  and  minute 
fragments  of  various  kinds  of  stone.  In  thickly  populated 
districts,  it  is  also  likely  to  contain  soot  and  the  dried  remains 
of  decaying  vegetable  matter.  Such  dust  is,  as  a  rule,  com- 
paratively harmless,  merely  irritating  the  nostrils  and  lungs, 
but  doing  no  positive  injury  unless  present  in  large  quan- 
tities.    But,  the  dust  from  wagon  roads  and  paved  streets  is 
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much  filthier  in  character.  In  the  vicinity  of  streets  paved^ 
with  stone  or  asphaltum  the  greater  part  of  the  dust  in  the 
air  is  found  to  consist  of  finely  pulverized  horse  dung-. 
Wooden  pavements  absorb  and  store  up  the  liquid  excreta 
dropped  on  them,  giving  it  off  again  as  dust  when  dried, 
and  as  a  most  loathsome  vapor  when  wetted  by  summer 
showers.  Of  course,  such  dust  as  this  must  be  excluded 
from  the  limgs  at  any  cost. 

15.  There  is  occasionally  found  in  dust  an  ingredient 
that  deserves  close  attention;  this  is  the  germs  of  putrefaction 
and  contagious  diseases.  These  germs  are  microscopic  plants 
that  attach  themselves  to  the  dust  particles,  are  borne  around 
by  them,  and  are  called  by  the  general  name  of  bacteria. 
They  are  very  diverse  in  appearance,  and  also  in  the  effects 
produced  by  their  lodgment  and  growth.  Bacteria  may  be 
divided  into  two  great  classes:  those  that  flourish  only  on 
dead  matter — animal  or  vegetable — and  those  that  thrive 
only  on  living  animals  or  plants,  and  exist  at  the  latter's 
expense. 

The  germs  of  the  first  class  are  called  saprophytes;  that  is, 
destroyers  of  dead  things.  They  break  up  putrescible  matter 
and  reduce  it  to  carbon  dioxide,  ammonia,  and  other  simple 
compounds,  suitable  for  the  immediate  use  of  ordinary  grow- 
ing plants.  The  existence  of  the  higher  forms  of  life  in  this 
world  is  believed  to  depend  on  the  activity  of  these  sapro- 
phytes, as  without  them  the  plants  could  not  get  suitable 
materials  for  food,  and  consequently  all  animals  would  die 
for  want  of  vegetable  nourishment. 

The  germs  of  the  second  class  are  iVMe  parasites;  these  are 
the  dangerous  ones.  When  they  alight  on  a  living  creature, 
on  a  part  that  is  both  moist  and  warm,  they  at  once  begin  to 
increase  and  multiply,  some  kinds  slowly,  and  others  with 
great  rapidity.  They  not  only  rob  the  system  by  absorbing 
some  of  the  fluids  that  should  nourish  the  body,  but  they 
also  produce  virulent  poisons  that  derange  the  system  in 
various  ways.  Each  variety  of  contagious  disease  seems  to 
have  its  own  specific  form  of  bacteria,  and  the  disease  is 
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communicated  from  one  person  to  another  merely  by  trans- 
ferring the  germs  of  the  disease.  The  germs  are  carried 
about  in  many  ways,  not  only  on  particles  of  dust,  but  also 
on  clothing,  books,  and  everything  that  may  come  into  con- 
tact with  the  sick  person;  even  pet  animals,  such  as  dogs  and 
cats,  frequently  become  the  means  of  disseminating  them. 

Bacteria  are  never  given  off  into  the  air  from  moist  sur- 
faces or  liquids,  unless  the  latter  are  splashed  or  sprayed. 
They  do  not  ordinarily  pass  through  the  air,  except  as  dry 
dust.  Certain  kinds  grow  in  enormous  numbers  in  the 
slime  that  covers  the  inside  surfaces  of  house  drains  and 
small  sewers,  but  as  long  as  the  slime  is  kept  wet  there  is 
comparatively  little  danger  of  their  being  carried  into  the 
house  by  back  drafts  of  air.  If  a  house  is  closed  for  any 
considerable  time,  and  the  traps  are  allowed  to  become 
empty,  this  slime  will  dry  up,  and  great  numbers  of  bacteria 
will  become  detached  in  the  form  of  dust.  It  is  almost  cer- 
tain that  there  will  be  a  back  draft  of  air  from  the  sewer 
into  the  house  in  such  cases,  and  that  great  numbers  of  the 
dried  germs  will  then  be  carried  into  the  rooms.  This  is 
probably  the  cause  of  the  frequent  cases  of  severe  sickness 
that  follow  the  occupation,  in  the  autumn,  of  houses  that 
have  not  been  occupied  during  the  summer. 


SEWER    GAS 

16.  A  great  many  examinations  have  been  made  of  the 
air  found  in  sewers  and  drains,  and  it  is  now  known  posi- 
tively that  there  is  no  such  thing  as  a  distinct  and  peculiar 
gas  that  might  be  called  **sewer  gas.*'  This  term  should 
be  understood  to  mean  merely  the  gaseous  contents  of 
sewers,  consisting  of  ordinary  air  mingled,  in  varying  pro- 
portions, with  the  gases  arising  from  the  fermentation  and 
decomposition  of  sewage.  The  effect  of  these  gases  on 
persons  breathing  them  in  large  quantities  is  to  induce 
asphyxiation  and  death;  in  less  concentrated  form,  they 
cause  nausea,  diarrhoea,  and  general  prostration.  If  a  small 
amount  is  allowed  to  leak  into  a  house  continuously,  the 
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inmates  will  gradually  become  debilitated,  their  power  of 
resisting  evil  influences  becoming  less  and  less,  until  they 
fall  easy  victims  to  disease. 

The  danger  from  sewer  gas  does  not  arise  solely  from  the 
specific  disease  germs  that  it  may  carry,  but  principally  from 
the  poisonous  character  of  the  gases  it  contains.  Hence 
arises  the  necessity  of  thoroughly  ventilating  all  sewers  and 
drains,  and  of  preventing  the  entrance  of  sewer  gas  into  the 
building.  

GROUND    AIR 

17.  Ordinary  soil  capable  of  supporting  grass  or  pro- 
ducing a  crop  of  vegetables  is  in  reality  an  extensive  manu- 
factory of  gas.  It  is  here  that  the  myriads  of  saprophytes, 
mentioned  in  Art.  15,  perform  their  work  of  decomposing 
all  animal  and  vegetable  remains  into  elementary  substances 
suitable  for  the  nutriment  of  living  plants.  The  result  of 
their  operation  is  to  produce  large  quantities  of  carbon 
dioxide,  together  with  various  ammonia  compounds,  and, 
•occasionally,  sulphureted  hydrogen.  Free  ammonia,  how- 
ever, occurs  only  in  very  small  quantities. 

Carbon  dioxide  is  also  produced  by  the  chemical  inter- 
actions taking  place  between  the  mineral  substances  con- 
tained in  the  soil,  the  amount  varying  with  the  nature  of 
the  materials  and  the  degree  of  moisture. 

The  production  of  gas  is  most  copious  in  soil  of  moderate 
moisture;  very  dry  earth  produces  but  little.  When  the  soil 
is  constantly  saturated  with  water,  the  processes  are  different, 
and  the  quantity  of  gas  evolved  is  usually  smaller. 

The  atmosphere  penetrates  the  ground  to  a  considerable 
depth,  but  its  composition  undergoes  a  great  change  as 
the  depth  increases.  The  extent  of  the  change  varies,  of 
course,  with  the  local  conditions.  At  a  depth  of  only  a  few 
inches  in  good  ordinary  soil,  the  air  permeating  it  is  found  to 
contain  from  about  7  to  10  per  cent,  of  oxygen,  instead  of  the 
21  per  cent,  present  in  normal  air.  The  proportion  of  carbon 
dioxide  existing  at  the  same  time  is,  on  an  average,  about 
7  per  cent.     In  very  dry,  barren  soil,  too  poor  to  support 
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vegetation,  the  proportion  has  been  found  as  low  as  i  of 
1  per  cent.,  while  in  very  rich  meadow  land,  as  high  as  14  per 
cent,  has  been  measured. 

The  ground  appears  to  be  the  source  oi  the  carbon  dioxide 
that  pervades  the  atmosphere.  The  amount  produced  by 
the  respiration  of  men  and  animals  is  extremely  insig- 
nificant in  comparison  with  that  which  constantly  exudes 
from  the  soil. 

Air  taken  from  a  height  of  2  inches  above  the  surface  of 
the  ground  shows  a  larger  percentage  of  the  gases  known 
to  be  generated  in  the  soil  than  at  a  height  of  6  or  6  feet, 
while  the  difference  between  air  taken  at  the  latter  level  and  at 
a  height  of  40  or  50  feet  is  barely  perceptible.  The  normal 
atmosphere  contains  about  aV  of  1  per  cent,  of  carbon 
dioxide,  or  about  4  parts  in  10,000. 

It  will  readily  be  perceived,  therefore,  that  the  air  which 
permeates  the  ground,  or  lies  in  contact  with  it,  is  quite  unfit 
for  breathing,  and  when  it  is  remembered  that  the  soil 
around  dwellings  is  very  liable  to  be  poisoned  by  the  leak- 
age from  gas  mains,  house  drains,  privy  vaults,  etc.,  it 
becomes  very  clear  that  ground  air  should  be  carefully 
excluded  from  the  heating  and  ventilating  system. 


CELLJLR    AIR 

18.  Any  excavation  in  the  earth,  such  as  a  cellar,  trench, 
or  well,  acts  as  a  vent  for  the  gases  contained  in  the  adjacent 
soil.  They  ooze  through  the  sides  and  bottom,  and  gradu- 
ally fill  up  the  well,  etc.,  precisely  as  water  will  fill  a  hole  that 
is  made  in  wet  ground.  The  extent  to  which  such  gases  will 
accumulate  in  such  places  depends  on  the  facilities  that  are 
given  them  to  escape  and  diffuse  in  the  atmosphere.  In  the 
case  of  a  deep  well,  the  opening  into  the  free  air  is  small, 
and  gas  is  apt  to  accumulate  in  sufficient  proportions  to 
quickly  suffocate  any  person  descending  into  it;  whereas,  in 
a  wide  open  pit  of  equal  depth,  the  gas  will  pass  into  the 
atmosphere  so  freely  that  only  an  insignificant  difference  can 
be  found  in  the  air  at  the  top  and  at  the  bottom. 
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Ordinary  cellars  act  as  collecting  basins  for  these  earth 
gases;  and  unless  adequate  ventilation  is  provided  they  will 
pass  through  the  floor  and  diffuse  in  the  rooms  above.  The 
inflow  of  gas  cannot  be  stopped  by  facing  the  walls  or  bottom 
of  the  cellar  with  Portland  cement,  because  gases  will  pass 
through  ordinary  brick,  mortar,  and  cement  about  as  readily 
as  water  will  percolate  through  a  stratum  of  fine  sand.  The 
cement  will  serve  to  retard  the  flow  somewhat;  but,  in  order 
to  stop  it,  substances  like  asphaltum  or  paraffin  must  be  used. 

19,  A  prolific  source  of  pollution  in  the  air  of  cellars  is 
found  in  the  practice  of  using  them  to  store  supplies  of  fruit, 
vegetables,  and  coal.  Potatoes  and  cabbages  give  off  a 
considerable  quantity  of  gas  and  rank  odors,  which  are 
debilitating  to  persons  who  inhale  them  to  any  extent. 
Apples  also  impair  the  quality  of  the  air  around  them, 
although  their  odor  may  be  quite  agreeable.  Coal  always 
emits  gas  when  exposed  to  air,  although  while  the  coal  is  per- 
fectly dry  the  amount  is  unimportant;  but,  when  the  coal  is  put 
in  the  bin  dripping  wet,  it  oxidizes  so  rapidly  that  the  amount 
of  gas  given  off  is  highly  deleterious.  The  custom  of  wetting 
the  coal  supplied  to  dwellings,  etc.,  merely  to  keep  down  the 
dust  while  being  handled,  is  a  pernicious  one  and  should  be 
discouraged.  

AIR  ANAI.Y8I8 


INDEX    OF    VITIATION 

20.  To  make  an  analysis  of  air,  with  a  view  to  discover- 
ing the  proportions  of  carbon  dioxide  and  other  impurities  in 
it,  is  properly  the  work  of  an  experienced  chemist.  An 
amateur  cannot  reasonably  expect  to  secure  very  accurate 
results,  because  accuracy  depends,  in  great  part,  on  the  skill 
and  care  taken  in  handling  the  apparatus,  and  in  preparing 
the  materials.  With  a  little  practice,  however,  and  a  few 
lessons  from  some  practical  chemist  accustomed  to  dealing 
with  gases,  sufficient  accuracy  for  ordinary  practical  purposes 
may  be  acquired. 


16  PRINCIPLES  OF  VENTILATION  §28 

Although  C(9,  is  not  the  most  dangerous  impurity,  yet  the 
amount  of  it  present  in  excess  of  that  contained  in  the  outer 
atmosphere  is  known  to  very  accurately  denote  the  degree  of 
vitiation,  and  the  vitiation  is  usually  designated  by  the 
number  of  parts  of  C(9,  in  each  10,000  parts  of  air. 

The  proportions  of  C6>,  likely  to  be  found  in  the  air  of 
inhabited  buildings  will  range  from  2  to  20  parts  in  10,000  in 
excess  of  the  quantity  normally  present  in  the  atmosphere; 
and  all  analyses  must  be  accurate  to  within  at  least  1  part 
in  10,000  in  order  to  be  of  practical  value. 

Numerous  instruments  have  been  devised  and  put  on  the 
market  to  indicate  the  presence  of  C6>,  in  a  sample  of  air,  by 
an  exposure  of  a  few  minutes;  and  others  have  been  con- 
structed to  indicate  the  proportion  continuously,  just  as  a 
thermometer  indicates  temperature.  These  instruments  are 
useful  in  making  approximate  determinations  of  C6>„  and  are 
not  intended  to  take  the  place  of  an  exact  chemical  analysis. 

The  proportions  of  the  other  impurities,  such  as  carbon 
monoxide,  ammonia,  or  organic  matter,  can  be  determined 
only  by  methods  that  require  the  skill  of  an  experienced 
chemist.  

TAKING    SAMPLES    OF    AIR 

21.  In  order  to  secure  a  sample  of  air,  a  gas  bag  is 
generally  employed.  The  bag  is  rolled  up  tight,  or  other- 
wise compressed  to  insure  its  emptiness,  before  it  is  taken 
into  the  room  where  the  sample  is  to  be  taken.  In  taking 
the  sample  at  the  place  desired,  great  care  must  be  exercised 
to  avoid  taking  in  an  undue  share  of  the  breath  exhaled  by  the 
operator.  Persons  must  not  be  allowed  to  stand  around  the 
apparatus  to  see  what  is  going  on;  on  the  contrary,  they 
should  all  be  required  to  remain  in  their  places,  or  at  least 
to  keep  some  distance  away.  The  analyses  are  liable  to 
yield  amazing  results  if  this  precaution  is  neglected. 

If  a  pump  is  used  to  fill  the  bag,  the  pumping  should  be 
stopped  before  any  pressure  is  put  on  it.  If  the  air  is  put 
under  pressure,  the  COt  is  liable  to  leak  out  by  soaking 
through  the  fabric;  and  the  same  thing  is  liable  to  occur  if 
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the  bag  is  allowed  to  lie  a  long  time  before  the  contents 
are  examined.  No  bag  that  has  held  any  other  kind  of  gas 
should  ever  be  used  for  the  purpose  of  testing  samples  of  air. 
The  best  way  to  conduct  analyses  of  air  in  buildingfs, 
although  not  always  the  most  convenient^  is  to  set  tip  the 
analyzing  apparatus  in  the  room  to  be  examined,  and  to  take 
the  air  in  through  clean  tubing  when  necessary. 


AIB-TESTING    APPARATUS 

22.  Fig.  1  shows  a  simple  apparatus  for  detecting  the 
presence  and  determining  the  quantity  of  carbon  dioxide  in 
a  sample  of  air.  A  vessel  W  of  known  capacity  is  filled  with 
a  sample  of  the  vitiated  air,  by 
first  filling  it  with  water,  and  then 
placing  it  in  the  suspected  air  and 
emptying  the  water  out  of  the  jar, 
when  the  air  wnll  take  its  place. 
A  saturated  solution  of  caustic 
soda,  having  been  prepared  and 
stored  in  the  bottle  B,  is  then 
poured  slowly  into  the  funnel- 
mouthed  tube  D  from  which  it 
flows  into  the  bottom  neck  C  of 
the  jafi  stopping  when  the  surface 
of  the  liquid  in  D  is  at  the  same 
height  as  that  in  C  The  caustic 
soda  in  the  water  greedily  absorbs 
the  carbon  dioxide  in  the  air  con- 
tained in  A  and  combines  with  it 
to  form  carbonate  ol  soda.  This 
absorption  causes  a  partial  vacuum  in  the  Jar  //;  hence,  the 
liquid  rises  in  C  and  the  volume  of  the  liquid  around  D 
between  the  lines  n  and  b  will  equal  the  volume  of  carbon 
dioxide  extracted  from  the  sample  of  air  if  the  pressure  in  A 
equals  that  of  the  atmosphere,  that  is  to  say,  if  the  water* 
line  within  the  tube  is  level  with  that  around  it.  If  so  much 
liquid  has  been  poured  that  the  water-line  in  D  is  above  the 
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water-line  d,  the  air  in  A  will  be  compressed  and  the  water- 
line  d  will  rise  higfher  than  k  should;  consequently,  the  volume 
of  the  liciuid  in  C  that  is  meant  to  represent  the  exact  volume 
of  carbon  dioxide  taken  from  the  air  in  A  will  be  too  great. 
If  too  little  liquid  is  poured  in^  the  water-line  in  D  will  fall 
below  the  water-line  d,  and  therefore  it  follows  that  the  air 
in  A  would  be  subjected  to  tension  and  the  water-line  d  would 
be  lower  than  it  should;  consequently,  the  volume  of  the  liquid 
representing  the  volume  of  carbon  dioxide  in  the  sample  of 
air  would  be  too  small.  Owing  to  the  small  area  of  the 
surface  of  the  liquid  exposed  to  the  sample  of  air  in  the  jar, 
the  chemical  change  is  liable  to  be  slow;  but.  if  the  jar  is 
shaken  horizontally,  thereby  agitating  the  liquid  in  C,  the 
chemical  change  will  be  more  rapid.  Suppose  that  the 
volume  of  A  is  500  cubic  inches,  and  that  at  the  end  of  a  test 
the  liquids  in  D  and  C  are  level  and  the  volume  o(  the  liquid 
rising  in  the  neck  C  is  1  cubic  inch,  that  is  to  say,  the  volume 
of  carbon  dioxide  extracted  from  the  air  in  A  is  1  cubic  inch, 
it  will  be  seen  that  the  quantity  of  carbon  dioxide  in  the 
sample  is  you  =  *002  =  .2  per  cent*,  or.  in 
other  words.  2  parts  per  1,000  or  20  parts 
per  10,000  volumes.  Deducting  the  quantity 
of  carbon  dioxide  that  the  air  holds  in  its 
natural  state  (about  4  parts  in  10>000),  there 
are  20-4  =  16  parts  per  10,000  as  the 
vitiation  due  to  exhalation,  etc. 


23  i  A  simple  and  sufficiently  accurate 
method  for  ordinary  tests  consists  in  the  use 
of  the  Doctor  Fitz  apparatus  illustrated  in 
Fig,  2.  Here  a  glass  tube  a  surrounded  by 
another  6  and  having  a  rubber  sleeve  c  to 
prevent  the  leakage  of  the  contents,  is  so 
arranged  that  by  slipping  up  the  inner  tube  a 
certain  volume  of  the  room  air  may  be 
trapped,  or  enclosed.  The  thumb  is  then  placed  over  the  end 
and  a  known  volume  of  a  colored  liquid  (phenol  phthalcin) 
previously  introduced  is  well  shaken.     This  liquid  can   be 
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bought  from  any  dealer  in  chemicals.  The  outer  tube  is 
then  slipped  down,  releasing  the  air,  and  the  process  is 
repeated  again  and  again,  note  being  taken  of  the  number  of 
volumes  of  air  brought  into  contact  with  the  liquid.  This  is 
done  until  all  color  disappears  from  the  latter.  A  table 
accompanying  the  apparatus  shows  the  number  of  parts 
of  COt  corresponding  to  the  volume  of  air  required  to  cause 
the  color  to  disappear. 


^ 
^ 


24.  The  following  method  of  testing  air  is  one  that  is 
generally  known  and  that  is  sufficiently  convenient  and 
accurate  to  be  recommended  in  connection  with  ventilating 
operations.  The  process  is  based 
on  the  fact  that  a  solution  of 
caustic  potash  will  absorb  carbon 
dioxide  without  affecting  the  other 
constituents  of  the  air.  For  use  in 
this  connection,  the  solution  must 
be  saturated,  and  the  chemicals 
must  be  pure. 

The  apparatus  is  shown  in 
Fig.  3p  and  can  be  readily  ob- 
tained from  any  dealer  in  chem- 
ical supplies.  The  parts  of  the 
apparatus  are  secured  in  place 
within  openings  made  in  the  ver* 
tical  board  a^  and  stability  is 
afforded  by  the  square  base  b. 
The  apparatus  consists  of  a  ver- 
tical glass  tube  d  that  is  gradu- 
ated throughout  the  greater  part 
ol  Its  lengthy  and  a  U-shaped 
bottle  or  burette  e,  connected  to  d 
by  a  stop-cock  /.  A  small  pres- 
sure gauge  jf  ^,  having  a  drop  of 
liquid  moving  along  a  graduated  scale  #»  is  connected  to  d  by 
means  of  the  stop-cock  k^  The  other  end  of  the  gauge  tube 
is  connected  to  an  air  chamber  /,     The  flask  m  is  connected 
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to  the  base  6f  the  tube  d  by.  the  rubber  tube  r,  and  is 
designed  to  act  as  a  pump.  Both  m  and  d  are  partly  filled  with 
mercury,  and  the  contents  of  the  latter  are  expelled  by  raising^ 
the  flask  w  until  the  mercury  rises  to  the  top  of  "the  chamber. 
The  air  to  be  tested  is  then  drawn  in  through  the  cock  n  by 
lowering  the  flask,  the  mercury  in  d  being  lowered  to  the  zero 
of  the  scale.  The  cocks  /, «,  k^g,  h  being  open,  the  position 
of  the  index  i  is  noted,  and  all  the  cocks  are  now  closed 
except  /.  The  flask  m  is  then  raised  until  all  the  air  is 
drawn  from  d  over  into  the  burette  ^,  which  is  filled  half  full 
with  a  saturated  solution  of  pure  caustic  potash,  through  the 
stopper  w.  This  substance  quickly  absorbs  the  C^„  and 
thus  reduces  the  volume  of  air  under  examination.  The  air 
is  shifted  back  and  forth  from  d  to  e  several  times,  being 
finally  drawn  back  into  d,  and  the  stop-cock  k  to  the  pressure 
gauge  opened.  The  flask  is  next  raised  or  lowered  until  the 
index  t  stands  at  the  point  previously  observed.  It  will 
then  be  seen  that  the  mercury  stands  higher  in  d  than 
before,  showing  that  absorption  has  taken  place.  The 
amount  thus  absorbed  can  be  read  off  on  the  scale,  the  grad- 
uations indicating  the  proportion  in  ten  thousandths  of  the 
volume  of  the  air  in  the  apparatus.  As  nothing  but  CO»  is 
absorbed,  no  further  treatment  or  computation  is  required.  A 
vessel  containing  water  usually  surrounds  the  parts  /,  d,  and  ^, 
to  maintain  a  uniform  temperature.  If  the  temperature  of  the 
sample  is  changed,  the  indication  of  the  pressure  gauge  i  will 
be  affected  by  the  expansion  or  contraction  of  the  air  under 
examination. 

HUMIDITY  OF  AIR 


PKOPERTIES    OP    AQUEOUS    VAPOR 

25.  The  water  vapor  that  pervades  the  atmosphere  exists 
in  the  form  of  a  gas  independent  of  the  oxygen  and  nitro- 
gen, but  being  a  compound  gas  its  properties  differ  some- 
what from  those  of  a  simple  gas.  Thus,  it  condenses  into 
water  at  212°  under  a  pressure  of   14.7  pounds  per  square 
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inch,  while  oxygen  and  nitrogen  become  liquids  only  at 
extremely  low  temperatures  and  under  enormous  pressures. 

But  steam  does  not  condense  entirely  and  completely  into 
water  under  atmospheric  pressure  at  the  temperature  of  212°; 
a  part  of  it  remains  in  the  gaseous  condition  as  true  steam, 
even  though  its  pressure  should  fall  below  that  of  the  atmos- 
phere. Steam  exists  at  all  temperatures  down  to  zero,  and 
even  many  degrees  below.  Thus,  at  20°  below  zero,  and 
under  an  absolute  pressure  of  .008  pound  per  square  inch, 
as  shown  by  Table  II,  steam  still  exists.  Under  natural 
conditions,  the  atmosphere  is  never  free  from  the  presence 
of  steam,  or  vapor  of  water.  The  absolute  pressure*  of  this 
steam  is  very  low,  but  it  forces  its  way  into  the  space  occu- 
pied by  the  other  atmospheric  gases,  and  increases  the  total 
tension  of  the  atmosphere  by  the  amount  of  its  own  pressure. 

The  aggregate  tension  of  the  gases  that  constitute  the 
atmosphere  is  shown  by  the  barometer,  but  no  instnmient 
has  yet  been  devised  that  will  show  the  actual  tension  of 
any  single  one  of  these  gases;  therefore,  the  pressure  of 
atmospheric  steam  cannot  be  measured  directly,  except  by 
apparatus  that  cannot  be  conveniently  used  outside  of  the 
laboratory. 

A  cubic  foot  of  air  will  admit  or  take  up  the  same  quan- 
tity of  steam  as  a  cubic  foot  of  empty  space.  The  weight 
of  the  steam  will  depend  solely  on  the  temperature,  provided 
that  it  does  not  become  superheated.  The  temperature  to 
be  considered  is  that  at  which  condensation  begins. 

26.  The  quantity  of  steam  should  always  be  measured 
by  its  weight,  as  given  in  Table  II.  The  weight  of  a  cubic 
foot  of  saturated  steam  increases  with  the  temperature,  while 
the  weight  of  air  decreases  as  the  temperature  rises,  because 
the  air  is  expanded.  Steam  will  always  have  the  weight 
given  in  the  table,  unless  it  is  shut  oflE  from  all  communi- 
cation with  water  and  is  superheated.  The  pressure  and 
weight  increase  simultaneously,  but  at  different  rates;  con- 
sequently, the  pressure  should  not  be  taken  as  an  index  of 
the  quantity  of  the  steam. 
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The  ratio  between  the  quantity  of  vapor,  or  atmospheric 
steam,  actually  present  in  the  air,  and  the  maximum  quantity 
it  could  contain  at  the  temperature  and  barometric  pressure 
then  prevailing,  is  called  the  bumldlty  of  the  air. 

TABIiE   II 
PROPERTIES    OF    AQUEOUS    VAPOR 


Tempera- 
ture 
Deg:rees 
Fahren- 
heit 

Pressure 

per 

Square 

Inch 

Pound 

Weight  per 

Cubic  Foot 

Pound 

Tempera- 
ture 
Deg:rees 
Fahren- 
heit 

Pressure 

per 
Square 

Inch 
Pounds 

Weight  per 

Cubic  Foot 

Pound 

-30 

.0049 

.000017 

SO 

.176 

.00058 

-25 

.0063 

.000023 

55 

.212 

.00069 

—  20 

.0088 

.000030 

60 

.253 

.00082 

-15 

.0106 

.000039 

65 

.302 

.00097 

—  10 

.0135 

.000050 

70 

.358 

.00115 

-   5 

.0171 

.000063 

75 

.425 

.00135 

0 

.0216 

.000079 

80 

.502 

.00158 

5 

.0272 

.000098 

85 

.589 

.00183 

10 

.0340 

.000121 

90 

.692 

.00213 

15 

.0423 

.000149 

95 

.809 

.00247 

20 

.0525 

.000181 

100 

.943 

.00286 

25 

.0651 

.000222 

105 

1.094 

.00330 

30 

.0806 

.000270 

no 

1.265 

.00380 

35 

.0998 

.000325 

115 

1.462 

.00433 

40 

.1225 

.000400 

120 

1.682 

.00496 

45 

.1470 

.000480 

130 

2.213 

.00640 

27.  When  the  atmosphere  contains  the  maximum  quan- 
tity of  steam  that  can  exist  at  the  temperature  of  the  air,  it 
is  said  to  be  saturated  with  moisture. 

During  fair  weather,  the  quantity  actually  present  is  much 
below  the  maximum  that  the  temperature  of  the  atmosphere 
will  permit.  When  the  maximum  is  reached,  the  least  dimi- 
nution of  temperature  or  barometric  pressure  will  be  fol- 
lowed by  the  condensation  of  a  part  of  the  vapor.     The 
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condensed  vapor  will  be  precipitated  as  dew  or  rain  during 
summer  weather,  or  as  snow  in  winter  time,  and  in  very  cold 
weather  it  will  appear  as  hoarfrost. 


EFFECT    OF    HUMIDITY 

28.  The  presence  of  moisture  in  the  atmosphere  aflEects 
it  in  three  ways:  first,  by  diminishing  its  weight  per  cubic  foot, 
thus  making  it  more  buoyant;  second,  by  increasing  its  capacity 
for  heat,  making  it  more  effective  for  either  heating  or  cool- 
ing purposes;  and  third,  by  reducing  the  amount  of  oxygen 

TABIiB   III 
EFFECT    OF    MOISTURE    ON    AIR 


Temperature 

Weight  of 
I  Cubic  Foot  of 

Weight  of  Air 

Displaced 

by  Vapor 

Pound 

Weight  of  Mois- 
ture in  I  Cubic 

Foot  of 
Saturated  Air 
Grains 

Degrees 
Fahrenheit 

Dry  Air 
Pound 

10 

.08453 

.0002 

.776 

20 

.08277 

.0003 

1.235 

30 

.08108 

.0005 

1.935 

40 

.07946 

.0007 

2.849 

50 

.07790 

.0010 

4.076 

6o 

.07640 

.0014 

5.745 

70 

.07496 

.0019 

7.980 

8o 

.07357 

.0027 

10.934 

90 

.07223 

.0036 

14.790 

100 

.07094 

.0048 

19.766 

no 

.06970 

.0063 

26.112 

120 

.06850 

.0083 

34.115 

contained  in  a  cubic  foot,  thus  impairing  its  value  for  purposes 
of  respiration.  Table  III  shows  the  weight  per  cubic  foot  of 
pure  dry  air  and  the  weight  of  air  displaced  by  moisture;  also, 
the  maximum  amount  of  moisture,  in  grains  per  cubic  foot. 
The  amount  of  moisture  contained  in  the  atmosphere  has 
a  considerable  influence  on  the  health  and  comfort  of  persons 
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who  live  in  it;  this  point,  then,  is  one  of  gjeat  importance  in 
dealing  with  questions  of  ventilation. 

29.  Ordinarily,  the  sense  of  feeling  cannot  be  trusted  in 
forming  an  estimate  either  of  the  real  temperature  or  of  the 
humidity  of  the  surrounding  air.  Sensations  of  warmth  and 
coolness,  in  air  of  moderate  temperature,  depend  very  largely 
on  the  amount  of  evaporation  going  on  from  the  body: 
When  the  atmosphere  is  dry,  water  is  evaporated  freely,  both 
from  the  lungs  and  skin,  and  persons  feel  cool  and  comfort- 
able; but  if  the  air  is  quite  humid,  the  rate  of  evaporation  is 
much  slower,  the  heat  generated  within  the  body  tends  to 
accumulate,  and  persons  become  oppressively  warm.  They 
drip  with  perspiration,  because  the  air  is  already  so  full  of 
moisture  that  it  will  not  take  up  the  water  as  fast  as  it  is 
exuded  from  the  skin;  consequently,  it  accumulates  in  the 
form  of  sweat. 

Thus,  air  at  90^,  if  very  nearly  dry,  will  feel  fresh  and 
invigorating;  but  if  the  humidity  be  increased  50  per  cent., 
it  will  seem  hot  and  very  sultry,  and  if  it  approaches  satura- 
tion, the  air  will  become  very  oppressive  and  exhausting. 
As  the  temperature  remains  the  same  in  each  case,  it  is  clear 
that  the  difference  in  the  effects  is  due  solely  to  the  change 
in  humidity. 

A  climate  having  a  temperature  of  100°  or  more  for 
months  at  a  time  can  be  endured  without  any  special  dis- 
comfort so  long  as  the  humidity  is  low.  But,  if  the  moisture 
increases  to  a  degree  approaching  saturation,  even  people  of 
strong  physique  will  rapidly  languish  under  the  influence 
of  an  atmosphere  continually  surcharged  with  moisture. 

Dry  air  at  40°  is  very  fresh  and  agreeable,  if  proper  cloth- 
ing is  worn;  but  if  it  is  nearly  saturated  with  moisture  it 
will  feel  very  chilly,  and  the  cold  will  be  penetrating. 

30.  The  comfort  of  an  audience  gathered  in  a  church  or 
hall  depends  largely  on  the  humidity  prevailing  in  the  room. 
The  temperature  may  fall  to  60°  without  much  complaint,  so 
long  as  the  air  is  kept  dry;  but,  if  the  humidity  is  allowed 
to  rise,  the  complaints  of  cold  will  be  both  numerous  and 
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emphatic.  On  the  other  hand  the  temperature  may  rise 
to  75°  without  exciting  remark,  the  air,  as  long  as  the 
humidity  is  not  above  20  per  cent.,  appearing  delightfully 
fresh  and  pure;  at  35  or  40  per  cent.,  the  audience  will  feel 
about  as  warm  as  they  care  to  be;  while,  if  the  humidity  rises 
to  60  or  70  per  cent.,  they  will  fairly  swelter  with  heat. 
Thus  the  variation  of  temperature  from  60°  to  75°  will 
attract  very  little  attention  if  the  air  remains  dry;  but  if  the 
humidity  is  allowed  to  rise  considerably,  this  change  in 
temperature  will  make  all  the  difference  between  the 
conditions  of  chilly  and  unbearably  warm.  This  explains 
the  failure  of  the  attempts  that  have  often  been  made  to  cool 
the  air  of  large  audience  rooms,  in  summer  time,  by  passing 
it  over  wet  screens  or  through  a  spray  of  water.  Although 
the  air  was  slightly  reduced  in  temperature,  the  humidity 
was  increased,  at  the  same  time,  to  such  an  extent  that  its 
effects  not  only  neutralized  the  fall  in  temperature  but  made 
the  air  less  comfortable  than  before. 

31.  A  high  degree  of  humidity  is  not  desirable  in  any 
case  for  air  that  is  to  be  breathed.  European  engineers 
recommend  for  dwellings,  etc.,  that  the  humidity  be  made 
60  to  70  per  cent.  But,  the  climate  of  the  United  States  of 
America  is  so  different  that  a  lower  rate  must  be  employed. 
Extensive  observation  shows  that  in  the  latter  country  the 
humidity  should  be  from  30  to  40  per  cent,  of  saturation. 
As  a  general  rule,  the  air  in  an  apartment  may  be  considered 
sufficiently  humid  so  long  as  no  irritation  of  the  eyes  or 
throat  becomes  noticeable. 

32.  The  proportion  of  oxygen  in  the  atmosphere  is 
reduced  somewhat  by  the  presence  of  moisture  in  it. 
Usually  the  loss  is  so  small  that  it  may  be  neglected,  but 
under  some  circumstances  it  becomes  large  enough  to 
require  consideration.  By  referring  to  Table  III,  it  will 
be  seen  that  a  cubic  foot  of  perfectly  dry  air  at  70°  weighs 
.07496  pound,  while  the  amount  of  pure  air  (that  is,  dry 
oxygen  and  nitrogen)  to  be  found  in  the  same  volume  of 
saturated  air  is  only  .07306  pound,  the  difference,  .0019  pound, 
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having  been  displaced  by  the  vapor  or  steam.  Thus,  the 
air  loses  19  parts  of  its  oxygen,  etc.  out  of  nearly  750  by 
becoming  saturated;  consequently,  its  respiration  value  is 
reduced  -7^5~u,  or  about  2i  per  cent.  In  a  similar  manner,  air 
at  100°  loses  about  62  per  cent,  of  its  value  for  breathing 
purposes  when  saturated  with  moisture. 

This  deterioration  of  the  atmosphere  by  the  presence  of 
moisture  in  excessive  amounts  is  often  very  plainly  felt 
during  hot  summer  weather,  just  before  a  storm.  At  such 
times  the  humidity  approaches  saturation,  and  the  deficiency 
of  oxygen  is  so  great  that  people  sometimes  pant  for  breath. 
The  evaporation  from  the  surface  of  the  body  is  greatly 
diminished,  allowing  the  bodily  heat  to  accumulate,  and  this 
adds  to  the  feeling  of  depression  and  distress.  The  same 
thing  is  liable  to  occur  in  laundries,  cooking  roomr,  dye 
houses,  and  other  places  where  both  the  temperature  and 
humidity  are  high. 

33.  Atmospheric  steam  or  water  vapor  is  much  lighter 
than  air  at  the  same  temperature;  consequently,  any  mixture 
of  vapor  and  air  is  lighter  than  pure  dry  air.  The  belief  that 
damp  air  is  necessarily  heavy,  and  therefore  inclined  to  sink 
to  the  bottom,  is  wholly  erroneous.  In  those  cases  where  it 
is  seen  to  gravitate  downwards,  it  will  be  found  that  the 
movement  is  due  to  the  fact  that  its  temperature  is  consid- 
erably lower  than  that  of  the  surrounding  atmosphere.  A 
difference  in  the  humidity,  at  various  levels,  of  a  body  of  air 
having  a  uniform  temperature  throughout,  will  cause  circu- 
lation, precisely  as  a  difference  in  temperature  will  do. 

The  circulation  that  takes  place  in  a  ventilating  stack  in 
summer  time  is  largely  aided  by  the  humidity  of  the  air 
at  its  base.  The  interior  of  a  house  is  apt  to  be  more 
humid,  especially  in  the  lower  stories,  than  the  atmosphere 
at  the  top  of  the  stack.  The  steam  jets  that  are  some- 
times used  at  the  base  of  a  stack  to  increase  the  draft  owe 
part  of  their  effectiveness  to  the  humidity  they  impart  to 
the  rising  column  of  air,  making  it  lighter  than  it  would 
otherwise  be. 
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The  air  in  kitchens  and  laundries  is  not  only  warm  but 
also  quite  humid;  consequently,  it  is  exceedingly  buoyant. 
This  partly  explains  the  stronfj  tendency  evinced  by  kitchen 
odors » etc,  to  ascend  and  pervade  the  upper  parts  of  the  house. 


MKASUHEMKHT    OF    ntTMiniTY 

34-     There  are  many  substances  that   absorb  moisttire 

from  the  atmosphere  and  swell  in  volume  in  consequence. 
Many  attempts  have  been 
made  to  utilize  this  prop- 
erty* to  construct  instru- 
ments that  would  indicate 
the  density  of  the  moisture 
in  the  air.  The  most  suc- 
cessful instrument  of  this 
kind  is  shown  in  Fig,  4, 
The  indicator  hand  is  at- 
tached to  a  metallic  spiral 
that  is  filled  with  absorbent 
material.  This  material 
absorbs  moisture  from  the 
air  in  proportion  to  the 
density  of  the  atmospheric 
vapor »  and  gives  it  off  again  as  the  density  decreases.  The 
material  swells  in  proportion  to  the  amount  of  moisture  it 
holds,  and  thus  the  spiral  that  contains  it  is  compelled  to 
bend,  like  the  Bourdon  tube  in  a  steam  gauge, 

35,  The  humidity  of  the  atmosphere  may  be  measured 
by  means  of  two  thermometers,  one  of  which  is  perfectly 
dry  I  and  the  other  provided  with  a  wet  cloth  over  its  bulb* 
The  cloth  is  kept  moist  by  a  thread  or  wick  leading  from 
a  small  tank.  If  the  air  is  not  saturated,  the  water  will 
evaporate  from  the  cloth  and  thus  cool  the  bulb.  The 
rapidity  of  the  evaporation  depends  on  the  relative  dryness 
of  the  air,  and  the  depression  of  the  thermometer  indicates 
approximately  the  rate  of  evaporation  from  the  cloth.  This 
device  is  called  the  wet   imd   dry  bulb  therniotueier* 
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The  scale  of  humidity  is  arbitrary,  and  the  operation  of  the 
instrument  is  not  sufficiently  accurate  to  be  satisfactory, 

36*  The  humidity  of  the  atmosphere  may  be  accurately 
measured  by  observing  the  temperalure  at  which  the  con- 
tained moisture  or  vapor  will  condense.  Having  found  the 
temperature  at  which  condensation  takes  place,  the  pressure 

of  the  vapor  per  square  inch  and 
its  weight  per  cubic  foot  may 
be  found  from  Table  IL 

The  weight  of  the  moisture 
said  to  be  abs&rhed  by  a  cubic 
foot  of  air  is  the  weight  of  a 
cubic  foot  of  vapor  at  the 
pressure  and  temperature  thus 
found. 

The  instruments  commonly 
used  for  the  purpose  of  deter- 
mining the  temperature  at 
which  the  aqueous  vapor  wHD 
condense  are  called  dt^w-polnt 
liyK>'**w^^ters*  They  operate 
by  gradually  cooling  a  bulb  or 
plate  of  black  glass  below  the 
atmospheric  temperature.  As 
the  temperature  fa11s»  a  point 
will  be  reached  when  a  deposit 
of  dew  begins  to  appear  on  the 
glass.  The  formation  of  dew 
signifies  that  the  atmospheric 
vapor  actually  present  condenses  at  the  temperature  the 
glass  then  possesses.  Black  glass  is  preferred,  because  it 
readily  shows  the  slightest  film  of  dew, 

37.  JJuuletPs  hygrronieter  is  shown  in  Fig,  5.  It 
consists  of  a  glass  tube  A  having  a  bulb  at  each  end,  as 
shown.  The  bulb  B  is  made  of  black  glass,  and  is  partly 
filled  with  sulphuric  ether.  The  bulb  D  is  empty  and  is 
covered  with  muslin,     A  small  mercurial  thermometer  C  is 
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enclosed  in  the  tube  Ay  and  is  so  suspended  that  its  bulb 
extends  below  the  surface  of  the  liquid  ether.  This  ther- 
mometer indicates  the  temperature  of  the  liquid  in  the 
bulb  B.  A  second  thermometer  E^  attached  to  the  wooden 
stand,  indicates  the  temperature  of  the  surrounding  air.  To 
operate  the  instrument  and  obtain  a  deposit  of  dew  on  the 
bulb  B,  a  small  quantity  of  ether  is  poured  over  the  muslin  on 
the  bulb  D.  The  ether  evaporates  rapidly,  and  thus  absorbs 
heat  from  the  bulb  and  the  ether  vapor  contained  in  the 
instrument.  As  the  temperature  falls,  a  point  will  be  reached 
when  a  deposit  of  dew  will  appear  on  the  surface  of  the 
bulb  B.  The  dew  will  remain  there  until  the  ether  wholly 
evaporates  from  the  muslin  covering  of  D  and  the  instrument 
begins  to  recover  its  normal  temperature. 

If  too  much  ether  is  poured  on  the  cloth-covered  bulb  D, 
the  instrument  may  be  cooled  to  such  an  extent  as  to  depress 
the  thermometer  E  and  cause  it  to  give  a  false  indication  of 
the  temperature  of  the  atmosphere. 

The  temperature  shown  by  the  thermometer  C  at  the  exact 
moment  when  the  dew  appears  and  disappears  must  be  care- 
fully noted.  If  there  is  much  difference  in  the  first  and 
second  readings,  the  test  should  be  repeated.  When  the 
test  is  properly  made,  the  average  of  the  two  readings  may 
be  taken  as  the  correct  dew  point. 


Fig.  6 

38.  Dines'  hyjcpometer  is  shown  in  Fig.  6.  It  consists 
of  a  small  metal  box  or  chamber  having  a  top  plate  a  of  thin 
black  glass.  The  bulb  of  a  thermometer  d  is  placed  close  to 
the  under  side  of  the  glass,  but  not  in  contact  with  it.  The 
box  is  kept  full  of  water  by  means  of  a  pipe  c  that  extends 


30  PRINCIPLES  OF  VENTILATION  §28 

to  a  small  tank  of  ice  water  d.  When  the  cock  e  is  opened,  the 
water  flows  through  the  box  and  escapes  at  the  waste  pipe  /. 
To  ascertain  the  dew  point,  the  box  is  first  filled  with 
water  having  about  the  same  temperature  as  the  air.  Then 
ice  water  (or  lumps  of  ice  and  water)  is  placed  in  the  tank  d\ 
the  cock  e  is  then  opened  enough  to  permit  a  small  stream 
of  cold  water  to  pass  into  the  box  and  mingle  with  the  water 
which  it  contains.  When  the  water  is  cooled  to  the  dew 
point,  a  deposit  of  dew  appears  on  the  surface  of  the  glass  a. 
The  cock  e  is  then  closed  and  the  box  allowed  to  recover  its 
normal  temperature.  As  the  temperature  rises,  the  dew  will 
vanish.  The  temperatures  indicated  by  the  thermometer  b 
at  the  exact  moments  when  the  dew  appears  and  disappears 
should  be  carefully  noted.  The  temperature  of  the  air  should 
be  measured  by  an  independent  thermometer. 

39.  To  make  a  measurement  of  humidity,  the  instrument 
shoj:id  be  placed  in  a  position  where  it  will  be  free  from  the 
influence  of  any  heating  agency.  The  operator  should  take 
care  that  the  warmth  of  his  hands  or  breath  does  not  affect 
the  thermometers.     Then  use  the  following: 

Kule. — Having  found  the  dew  poijit,  ascertaiji  from  Table  II 
the  weii^ht  of  a  cubic  foot  of  vapor  at  that  temperature ;  this 
divided  by  the  iveight  of  a  cubic  foot  of  vapor  at  the  temperature 
of  the  atmosphere  expresses  the  relative  humidity, 

where   y1  =  relative  humidity; 

a  =  weight  of  vapor  per  cubic  foot  at  dew  point,  in 

pounds; 
b  =  weight  of  vapor  per  cubic  foot  at  temperature  of 
atmosphere,  in  pounds. 

Example. — What  is  the  relative  humidity  when  the  temperature  of 
the  atmosphere  is  70°  F.  and  the  dew  point  is  found  to  be  at  45**? 

Solution.— From  Table  II,  the  weigjht  of  1  cu.  ft.  of  vapor  at  45°  is 

.000481b.    The  weightof  1  cu.  ft.  at  70°  is,  from  the  same  table,  .001151b. 

00048 
Hence,  applying  the  rule,  A  =  "ywTt^h  =    417  =  41.7  per  cent.    Ans. 
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MOISTENING    AIR 

40.  It  is  very  necessary  that  air  which  is  to  be  breathed 
should  contain  a  proper  amount  of  moisture.  If  the  air  in  a 
room  is  too  dry,  it  will  have  an  irritating:  effect  on  the  lungs 
of  the  person  breathing  it.  The  moisture  that  naturally 
exudes  from  the  lungs  and  skin  will  be  evaporated  with 
undue  rapidity,  thus  interfering  with  the  proper  operation  of 
the  lungs,  and  making  respiration  uncomfortable.  The 
unnatural  dryness  of  the  skin  gives  rise  to  considerable 
nervous  irritation,  which,  if  long  continued,  will  seriously 
affect  the  general  health. 

The  air  in  inhabited  rooms  is  usually  maintained  at  a 
temperature  of  65^  to  70°  F.;  therefore  the  dew  point,  as 
measured  by  the  hygrometer,  should  be  about  66°.  If  the 
dew  point  is  too  high,  there  will  be  an  unpleasant  feeling  of 
dampness  in  the  air,  the  window  panes  will  drip  with  mois- 
ture, and  there  will  be  a  deposit  of  dew  on  all  objects  in  the 
room  having  a  temperature  lower  than  the  normal. 

If  there  is  a  great  difference  in  temperature  in  the  upper 
and  lower  parts  of  the  room,  the  humidity  should  be  adjusted 
to  suit  the  zone  in  which  the  people  breathe. 

4 1 .  The  amount  of  water  that  must  be  evaporated  and 
added  to  the  air  supply  to  maintain  any  desired  degree  of 
humidity  may  be  found  as  follows: 

Rule. — Ascertain  the  weight  of  moisture  in  the  air  before 
it  is  heated,  ajid  compute  the  weij^ht  of  moisture  required  to 
produce  the  desired  dej^ree  of  humidity  in  the  same  weight  of  air 
at  the  temperature  at  which  it  is  to  be  used;  the  difference  between 
the  quajitities  of  moisture  thus  found  will  be  the  amount  of 
moisture  to  be  supplied. 

Example. — A  certain  room  is  supplied  with  air  having  a  tempera- 
ture at  the  registers  of  120°,  at  the  rate  of  300  cubic  feet  per  minute. 
The  temperature  of  the  room  is  to  be  maintained  at  70**,  and  the 
humidity  at  70  per  cent.  The  temperature  of  the  air  before  entering 
the  heater  is  45°,  and  its  humidity  is  also  70  per  cent.  What  weight 
of  moisture  must  be  supplied  to  the  air-current  to  secure  the  desired 
humidity  in  the  room  ? 
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Solution. — It  is  necessary  to  know  the  volumes  of  the  air  at  the 
time  it  is  used  and  before  it  enters  the  heater,  and  these  must  be 
computed  from  the  volume  and  temperature  at  the  register  as  given. 
The  original  volume  is  300  cu.  ft.  and  the  original  temperature  is  120° 
(580°,  absolute).  Applying  the  rule  in  Art.  4  to  find  the  volume  at 
70°  (530°,  absolute), 

p..  =  ^0^  =  274.1  c«.  ft. 

and  at  45°  (505°,  absolute), 

_300X505__, 
^"  -  "~580~~  =  ^^-^  '^'  ^' 

Thus,  at  the  beginning  there  are  261.2  cu.  ft.  of  cold  air  at  70  per 
cent,  humidity.  The  weight  of  that  volume  of  vapor  at  45°  is,  from 
Table  11,  261.2  X  .00(M8  =  .1254  lb.,  and  70  per  cent,  of  this  equals 
.1254  X  .70  =  .08778  lb.,  which  is  the  weight  of  moisture  originally 
contained  in  the  air. 

The  air  when  used  will  have  a  volume  of  274.1  cu.  ft.  and  a  tem- 
perature of  70°.  The  weight  of  an  equal  volume  of  vapor  at  70°  is 
274.1  X  .00115  =  .3152  lb.  The  humidity  is  required  to  be  70  per  cent.; 
therefore,  the  total  moisture  required  will  be  .3152  X  .70  =  .22064  lb. 

Then,  .22064  -  .08778  =  .13286  lb.  is  the  amount  of  moisture  per 
minute  that  must  be  added  to  the  air-current.    Ans. 

42.  It  will  be  observed  from  the  example  in  Art.  41 
that  the  quantity  of  water  required  to  maintain  any  certain 
degfree  of  humidity  is  much  greater  for  warm  air  than  for 
cold.  The  amount  increases  faster  than  the  temperature. 
Table  II  shows  that  the  increase  of  moisture  per  cubic  foot 
for  a  rise  in  temperature  from 

-10°  to  0°  is  .000029  pound 
30°  to  40°  is  .000130  pound 
80°  to  90°  is  .000550  pound 

Thus,  the  increase  between  80°  and  90°  is  nearly  nineteen 
times  as  much  as  between  —10°  and  0° 

Inasmuch  as  the  space  into  which  water  evaporates  is 
usually  occupied  by  air,  and  as  the  temperature  of  the  air 
determines  the  temperature  of  the  vapor,  it  is  natural  to 
speak  of  the  capacity  of  the  air  for  vapor.  This  is  really  a 
misleading  expression,  like  many  others  inherited  by  science 
from  the  obscurity  of  earlier  years.  The  idea  that  air  absorbs 
moisture  as  a  sponge  absorbs  water  is  entirely  erroneous. 
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The  vapor  forces  its  way  into  space  solely  by  virtue  of  its 
expansive  power.  The  amount  that  will  enter  any  given 
space  depends  only  on  its  own  temperature,  and  it  is  not 
affected  by  the  presence  or  absence  of  other  gases  in  the 
same  space. 

The  terms  commonly  used  to  describe  the  phenomena  of 
atmospheric  vapor  are  so  firmly  fixed  by  long  usage  that 
they  cannot  be  easily  changed.  Much  obscurity  and  per- 
plexity may  be  avoided,  however,  by  fixing  the  real  meaning 
of  the  terms  clearly  in  the  mind. 

43.  The  methods  commonly  used  for  moistening  air 
consist  in  passing  it  through  a  spray  of  water,  or  over  the 
surface  of  water  contained  in  evaporating  pans,  or  by  inject- 
ing steam  into  the  air-current. 

A  great  many  devices  have  been  invented  for  projecting 
water  into  the  air-current  in  the  form  of  finely  divided  spray. 
A  favorite  device  is  a  fan  having  water  jets  attached  to  the 
blades,  water  being  supplied  through  the  fan  shaft,  which  is 
hollow.  These  machines  serve  to  load  the  air  with  water,  but 
the  water  is  held  only  in  mechanical  suspension,  instead  of 
being  evaporated  and  transformed  into  steam.  They  are  use- 
ful for  dampening  materials  in  process  of  manufacture,  such 
as  cloth,  paper,  tobacco,  etc.;  but  they  are  wrong  in  principle 
when  used  for  humidifying  air  for  ventilating  purposes. 

It  is  at  this  point  that  the  old  delusion  that  air  actually 
absorbs  moisture  becomes  very  misleading.  Air  cannot  1x5 
wetted,  although  it  can  be  made  to  carry  water  some  distance 
by  entrainment.  It  should  be  clearly  understood  that  the 
problem  of  humidification  is  to  make  steam,  and  that  this  can 
be  done  only  by  evaporation.  The  quantity  of  steam  to  be 
made  must,  when  added  to  that  already  existing  in  the  atmos- 
phere, be  fully  equal  to  the  volume  of  the  air-current,  and  its 
pressure  or  density  must  be  that  corresponding  to  a  boiling 
point  of  about  40°  P.,  that  is,  the  desired  dew  point  of  the 
air  when  delivered.    . 

The  heat  required  for  evaporation  is  frequently  absorbed 
from  the  air-current. 
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The  weight  of  steam  discharged  into  the  atmosphere,  per 
hour,  through  jets  of  small  diameter,  the  pressure  being  not 
lower  than  about  20  pounds  per  square  inch  absolute,  is 
about  as  follows: 

Orifice  aV  inch  diameter  =  .03944  pound 
Orifice  iV  inch  diameter  =  .15770  pound 

At  lower  pressures,  the  rate  of  discharge  becomes  slower. 


EXAMPLES    FOR    PRACTICE 

1.  The  dew  point  being  60°  F.,  and  the  temperature  of  the  air 
85°  F.,  what  is  the  relative  humidity?  Ans.  31.69  per  cent. 

2.  If  25,000  cubic  feet  of  air»  per  hour,  enters  a  room  at  a  tem- 
perature of  130°  F.,  what  weight  of  moisture  must  be  added  to  keep 
the  humidity  in  the  room  at  (>5  per  cent.,  when  the  temperature  of  the 
room  is  to  be  75°  F.,  and  the  air  before  entering  the  heater  has  a  tem- 
perature of  50°  F.  and  a  humidity  of  70  per  cent.?  Ans.  11.12  lb. 
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METHODS    OF    MOVING    AIR 

44.  Movement  of  the  air  required  for  purposes  of  venti- 
lation and  also  for  heating  is  accomplished  by  natural  means 
or  natural  draft,  or  by  mechanical  means  or  forced  draft. 

In  both  systems,  the  power  employed  to  move  the  air  is 
derived  from  heat.  In  the  former  system,  it  is  applied 
directly  to  the  air  to  expand  it  and  reduce  its  weight,  so*that 
the  colder  and  heavier  atmosphere  will  displace  the  warmer 
air  and  drive  it  through  the  flues,  as  desired.  In  the  latter 
system,  the  heat  is  first  converted  into  work  through  the 
agency  of  a  boiler  and  engine,  and  is  then  applied  to  moving 
the  air  by  means  of  a  fan.  Of  course,  the  conversion  of  heat 
into  work  is  attended  with  considerable  loss;  but  after  making 
all  proper  allowances  for  imperfections  of  machinery,  etc.,  it 
is  found  that,  in  order  to  move  a  given  quantity  of  air,  the 
former  system  requires  very  much  more  heat  than  the  latter. 
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This  is  illustrated  by  the  following  table,  which  was  prepared 
by  Prof.  R.  C.  Carpenter,  to  show  how  many  times  the  forced- 
draft,  or  fan,  system  of  ventilation  is  more  efficient  than  the 
natural,  or  gravity,  system  of  securing  a  movement  of  air  in 
ventilating  flues: 

TABIiE    IV 

COMPARISON    OF    NATURAL-DRAFT    AND    FAN-DRAFT 
SYSTEMS 


Temperature  of  Air  in  Flue. 

Degrees  Fahrenheit 

80 

100 

150 

200 

250 

300 

400 

X 

I 

^lumber  ol 

I  Times  F 
Ventila 

an  Is  Mot 
ting  Chim 

•e  Efficient  Than  Vertical 
ney  or  Flue 

10 

68.4 

73.4 

87.3 

102.0 

1 18.0 

135.0 

173.0 

20 

34.2 

36.7 

43.6 

51.0 

59.0 

67.0 

86.0 

30 

22.8 

24.5 

29.1 

34.0 

39.0 

45.0 

57.0 

40 

I7.I 

18.3 

21.8 

24.0 

29.0 

34.0 

44.0 

50 

13.7 

14.7 

15.4 

20.0 

24.0 

27.0 

35.0 

6o 

II.4 

12.2 

14.5 

17.0 

19.0 

22.0 

28.0 

70 

9.8 

10.5 

12.8 

15.0 

17.0 

19.0 

25.0 

8o 

8.5 

9.2 

10.9. 

12.0 

15.0 

17.0 

22.0 

90 

7.6 

8.1 

9.7 

II. 0 

13.0 

15.0 

17.0 

100 

6.8 

7.3 

8.7 

lO.O 

12.0 

13.5 

15.3 

125 

5.4 

5.9 

7.0 

8.1 

9.5 

lO.O 

13.9 

150 

4.6 

5.1 

6.1 

6.7 

8.0 

9.0 

11.7 

175 

3.9 

4.2 

5.0 

5.8 

6.7 

7-7 

9.9 

200 

3.4 

3.6 

4.4 

5.1 

6.0 

6.7 

8.6 

250 

2.7 

2.9 

3.1 

4.1 

4.7 

5.4 

6.9 

The  data  jjiven  in  Table  IV  make  it  plain  that  it  is  much 
cheaper  to  use  a  fan  or  blower  for  moving  air  than  to  employ 
a  tall  chimney,  and  that  the  practice  of  heating  the  air  in  foul- 
air  flues  or  ventilating:  stacks,  in  order  to  create  additional 
draft,  is  very  expensive  and  wasteful. 


36 


PRINCIPLES  OF  VENTILATION 


§28 


MOVEMENT    OF    AIR    IN    FLUES 

45.  Fundamental  Principles. — It  is  commonly  said 
that  ventilating  chimneys,  or  vertical  vent  flues,  have  a 
siutioji,  and  that  they  draw  air  into  them  from  the  rooms 
with  which  they  are  connected.  These  statements  are 
erroneous.  Air,  and  all  other  fluids,  move  only  when  the 
pressure  that  impels  them  is  greater  than  the  pressure  that 
opposes  their  movement.  Hence,  they  are  always  pushed^ 
and  are  never  pulled  or  drawn. 

In  order  to  understand  clearly  the  reason  wliy  liot  air 
moves  up  a  ventilating  chimney,  or  flows  from  a  flue  into  a 

room,  it  is  necessary  to  ex- 
amine carefully  the  condition 
of  affairs  throughout  the 
entire  extent  of  the  chimney 
or  flue. 

For  illustration,  suppose 
that  the  flue  shown  in  sec- 
tion  in    Fig.  7  is    120   feet 


J 


^  — W ,  . I t  high,  that  the  temperature  of 

the  hot  air  in  the  flue  is 
about  450°,  the  atmosphere 
being  at  60°,  and  that  the 
flue  is  closed  at  the  top.  The 
column  of  air  inside  the  flue 
weighs  less  per  cubic  foot 
than  the  air  outside,  because 
it  is  greatly  expanded  by  the 
heat.  From  Table  I,  the 
weight  of  1  cubic  foot  of 
air    at    60°   is  .0764   pound; 


Fig.  7 


in    Art. 


5, 


the    weight    at    450°    is 


-^"^n.  =  .04866  pound.     The  difference  is  .0764 


hence,    by    the    rule 
.0764  X  (460 -f^ 60) 

460  -f  450 

-  .04866  =  .08274  pound.  The  actual  difference  in  the 
weight  of  two  columns,  one  ot  external  and  the  other  of 
internal  air,  each  1  foot  square  and  J  20  feet  high,  will  be 
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.03274  X  120  =  3.93  pounds.  Consequently,  the  weight  of 
the  internal  air  cannot  balance  that  of  the  external  air;  there- 
fore, it  will  be  driven  upwards  against  the  cover  at  the  top 
with  a  force  amounting  to  3.93  pounds  per  square  foot,  or 
about  .027  pound  per  square  inch.  There  will  then  be  a 
higher  pressure  at  the  top  of  the  flue  than  at  the  base.  The 
pressure  at  the  bottom  will  be  equal  to  that  of  the  external 
atmosphere,  or  about  14.7  pounds  per  square  inch,  and  it 
will  increase  gradually  upwards,  until  at  the  top  it  will  be 
14.7  -f  .027  =  14.727  pounds  per  square  inch. 

The  condition  of  the  air  in  the  interior  of  the  flue  is  now 
precisely  similar  to  that  in  an  ordinary  hot>air  flue  when  all 
the  registers  are  closed.  The  pressure  of  the  hot  air  exceeds 
that  of  the  atmosphere  at  each  register,  in  proportion  to  its 
elevation  above  the  furnace,  radiator,  or  other  heating  sur- 
face. When  a  register  is  opened,  the  hot  air  flows  into  the 
room,  because  the  pressure  back  of  it  exceeds  the  pressure 
of  the  air  in  the  room.  Now,  if  the  top  of  the  flue  is 
opened  to  the  atmosphere,  the  whole  column  of  hot  air  in 
it  will  be  driven  rapidly  upwards.  But,  as  soon  as  the 
current  begins  to  flow,  the  internal  pressure  falls,  and  when 
the  current  attains  its  full  speed  the  internal  pressure  at  the 
top  will  fall  to  about  that  of  the  atmosphere.  The  weight 
of  the  column  of  hot  air,  however,  remains  the  same  (the 
temperature  being  maintained  constant);  consequently,  the 
difference  in  pressure  at  the  top  and  bottom  will  be  the  same 
as  before,  that  is,  .027  pound  per  square  inch.  The  pressure 
of  the  hot  air  at  the  bottom  of  the  chimney  will,  therefore, 
be  about  .027  pound  per  square  inch  below  that  of  the  exter- 
nal atmosphere. 

The  excess  of  the  atmospheric  pressure  above  the  interior 
pressure  at  the  base  of  the  flue  or  chimney  is  called  the  draft, 
and  is  usually  measured  in  inches  of  water,  whereby  is  meant 
the  height  of  a  column  of  water,  in  inches,  whose  pressure 
per  unit  of  area  at  its  base  is  equal  to  the  draft  pressure. 

46.  The  tendency  of  all  fluids  is  to  flow  toward  an  area 
of  low  pressure.    The  surrounding  atmosphere  cannot  flow 
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down  a  chimney  or  flue,  because  the  internal  pressure  of  the 
hot  air  at  the  top  equals  or  exceeds  the  atmospheric  pres- 
sure, but  it  can  and  does  flow  in  through  the  grate  and  com- 
bustion chamber  or  over  the  radiating  surface  into  the  area 
of  low  pressure  within. 

The  velocity  of  the  entering  air  will  increase  until  the 
resistance  that  it  encounters  in  passing  over  the  radiating 
surface  or  through  the  burning  fuel,  added  to  that  due  to  the 
friction  of  the  flues,  exactly  equals  the  draft  pressure. 

As  soon  as  the  air  reaches  the  radiating  surface  at  the  base 
of  the  flue  or  the  fire,  in  the  case  of  a  boiler  chimney,  it  is 
greatly  expanded  by  the  heat.  As  the  heat  is  given  off  to 
the  walls  of  the  flue  or  chimney,  the  volume  gradually 
diminishes  until  the  air  is  discharged  from  the  top  of  the  flue 
or  chimney. 

47.  The  theoretical  velocity  of  the  current  in  the  flue  is 
equal  to  that  acquired  by  a  weight  in  falling  through  a  dis- 
tance equal  to  the  difference  between  the  height  of  a  column 
of  air  at  atmospheric  temperature,  having  the  same  height 
as  the  flue,  and  the  height  of  the  same  column  when  expanded 
by  the  heat  to  the  actual  temperature  of  the  air  or  gases  in 
the  flue. 

The  height  of  the  column  will  increase  directly  with  the 
increase  of  absolute  temperature.  The  velocity  acquired  by 
a  falling  body  is  in  all  cases  very  nearly  8.02  times  the 
square  root  of  the  distance  fallen  through. 

To  find  the  theoretical  velocity,  in  feet  per  second,  of  the 
gases  in  a  chimney,  or  ventilating  flue,  proceed  by  the 
following   rule: 

Rule. — Multiply  the  heij^ht  of  the  fluey  in  feet,  by  the  dif- 
ference in  temperature  of  the  j^ases  and  of  the  atmosphere,  in 
dej^reeSy  and  divide  by  the  absolute  temperature  of  the  atmosphere. 
Extract  the  square  root  of  the  quotient y  and  rnultipiy  it  by  8,02. 
The  result  ivill  be  the  theoretical  velocity  sought. 

Or,  V  =  8.02-  M^v^»-V) 


,    l//it.-i 
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where  /  =  temperature  of  atmosphere; 

/,  =  temperature  of  chimney  gases; 
T  =  absolute  temperature  of  atmosphere; 
H  =  height  of  chimney,  in  feet; 
V  =  velocity,  in  feet  per  second. 

Example  1. — What  is  the  theoretical  velocity  of  the  current  in  a 
chimney  120  feet  high,  the  temperature  of  the  gases  being  450°  and 
that  of  the  atmosphere  60**  ? 

Solution.— Applying  the  rule, 


.  =  8.02  ^^^^^  =  76.08  ft.  per  sec.    Ans. 

Example  2.— What  will  be  the  theoretical  velocity  of  warm  air  hav- 
ing an  average  temperature  of  90**  in  a  flue  25  feet  high,  the  atmospheric 
temperature  being  60°  ? 

Solution.— Applying  the  rule, 

V  =  8.02  ^^^^  =  9.63  ft.  per  sec.    Ans.; 

48.  The  theoretical  velocities  computed  by  the  rule  in 
Art.  47  cannot  be  attained  in  practice,  because  of  the  fric- 
tion and  other  resistances  offered  by  the  flues.  The  allow- 
ance that  must  be  made  for  friction,  etc.  varies  from  20  to 
50  per  cent.  The  hot  air  in  chimneys  attached  to  boilers 
and  furnaces  is  mixed  with  a  large  percentage  of  carbon 
dioxide,  which  is  much  heavier  than  air.  The  weight  of  the 
hot  air  is  thereby  increased,  the  draft  pressure  is  diminished, 
and  the  velocity  of  flow  is  correspondingly  reduced. 

The  actual,  or  operative,  height  of  a  flue  or  chimney 
should  be  measured  from  the  top  of  the  stack  to  the  inlet  of 
the  air,  where  it  enters  the  furnace,  or  heating  chamber.  Only 
the  actual  difference  in  elevation  should  be  considered;  the 
horizontal  distances  that  may  be  involved  must  be  dis- 
regarded. Thus,  in  Fig.  7,  the  operative  height  of  the  venti- 
lating chimney,  when  the  hot  air  enters  at  A,  is  the  total  height 
of  the  stack  C\  but,  when  it  enters  at  the  level  of  the  line  //, 
the  operative  height  is  only  that  part  which  is  above  the  line, 
as  indicated  by  the  distance  h.  The  stack  will  act  as  a  siphon, 
and  will  draw  the  warm  air  downwards  out  of  the  room  B 
through  the  flue  g,  provided  that  the  opening  at  A  is  closed 

05— 2U 
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and  the  fresh  air  is  taken  in  at  Z>.  The  operative  heig^ht  of  the 
stack  will  then  be  equal  to  the  distance  h^  and  the  draft  will 
be  about  the  same  as  though  the  connection  to  the  stack 
were  made  as  shown  by  the  dotted  lines  at  e.  In  practice, 
the  draft  will  be  better  when  the  connection  is  made  at  e  than 
when  the  current  passes  down  the  flue  g^  because  the  hot  air 
will  lose  some  of  its  heat  in  making  the  longer  circuit,  and 
there  will  also  be  more  friction. 

Chimneys  and  flues  that  are  cold,  or  have  never  had  a  fire 
connected  to  them,  will  usually  exhibit  a  considerable  draft. 
This  is  due  to  the  fact  that  the  earth  warms  the  air  near  its 
surface.  Ordinarily,  the  air  thus  warmed  rises  only  a  ihort 
distance  before  it  is  cooled  and  dispersed  by  convect'rn  in 
the  atmosphere,  but  that  which  passes  up  the  ventilating 
stack  is  protected  from  convection,  and  is  maintained  in  an 
unbroken  stream  to  the  top  of  the  stack. 

49.  Frietloiial    Resistance    of    Duets    and    Flues. 

The  resistance  encountered  by  air  in  moving  through  ducts 
and  flues  is  usually  spoken  of  as  friction,  although  the  term, 
as  thus  used,  is  not  strictly  accurate. 

The  resistance  arises  from  several  causes:  (1)  Skin  fric- 
tion, which  is  the  actual  friction  of  the  air  against  the  surfaces 
over  which  it  passes;  (2)  the  abrupt  changes  of  direction  of 
the  current  at  elbows  and'  tees;  (3)  the  movement  of  one 
part  of  the  current  on  another,  in  passing  around  curves; 
(4)  the  abrupt  changes  in  velocity  that  occur  at  pockets  and 
enlargements;  (5)  the  formation  of  whirls,  or  eddies;  (6)  the 
interference  of  currents. 

50.  The  resistance  due  to  skin  friction  varies:  (1)  Directly 
as  the  length  of  the  pipe  or  flue;  (2)  inversely  as  the  diam- 
eter, or,  if  square,  as  the  length  of  a  side;  (3)  directly  as  the 
square  of  the  velocity.  Hence,  other  things  being  equal,  the 
pipe  should  be  as  short  as  possible;  its  diameter  should  be  as 
large  as  possible;  and  the  quantity  passing  through  it  in  a 
given  time  should  be  as  small  as  circumstances  will  permit. 
The  last  consideration  is  the  most  important  of  all,  since  if 
the  quantity  passing  through  a  given  pipe  is  doubled,  the 
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velocity  is  also  doubled,  and  the  resistance  is  increased  2',  or 
four  times.  The  condition  of  the  pipe  itself,  whether  smooth 
or  rough,  also  affects  the  force  required  to  overcome  the  fric- 
tion, a  smooth  pipe  offering  less  resistance  than  a  rough  one. 
Hence,  metal  pipes  are  to  be  preferred,  in  this  respect,  to 
brick  ducts.  A  polished  pipe  offers  less  resistance  than  a 
smooth  one  not  polished.  A  pipe  or  flue  having  its  inside 
covered  with  a  deposit  of  dust  or  dirt  offers  much  greater 
resistance  than  a  similar  pipe  that  is  clean. 

51.  When  a  current  of  air  encounters  an  obstacle,  as  in 
Fig.  8,  the  particles  composing  the  current  are  compelled  to 
deflect  from  their  normal  direction  and  move  sidewise  suffi- 
ciently to  pass  by  the  obstruction.  When  a  moving  body  is 
thus  deflected  from  its  course,  it  loses  some  of  its  kinetic 
energy.  The  energy  thus  lost  will  be  expended  on  the  dead 
air  at  a,  and  will  compress  it.  The  particles  of  air  that  have 
passed  the  edges  of  the  obstruction  tend  to  continue  their 
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forward  motion  in  a  straight  line.  If  they  actually  did  so, 
there  would  be  a  vacuum  at  d,  but  the  pressure  existing  in 
the  outer  parts  of  the  current  compels  them  to  flow  together 
again  behind  the  obstruction.  Thus,  a  is  an  area  of  high 
pressure  and  d  is  an  area  of  low  pressure.  The  power 
expended  in  maintaining  these  two  areas  is  taken  from  the 
current,  and  the  motive  force  of  the  current  is  thereby 
reduced   to   that   extent. 

52.  When  a  current  is  compelled  to  change  its  direction 
abruptly,  the  kinetic  energy  of  the  particles  tends  to  move 
them  as  shown  in  Fig.  9.     An  area  of  high  pressure  will  be 
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formed  at  a,  and  another  of  correspondingly  low  pressure  at  b. 
The  effective  area  of  the  pipe  or  conduit  will  be  reduced 
at  c^  and  the  velocity  of  the  fluid  will  be  greater  at  that  point 
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than  at  e  and  d.  Thus,  the  force  that  is  spent  in  maintaining 
the  abnormal  pressures  at  a  and  b^  and  in  imparting  the 
increase  of  velocity  at  c,  is  all  wasted. 
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53.     If  the  turn  is  less  abrupt  than  in  Fig.  9,  as  in  Fig.  10, 
the  waste  of  energy  is  considerably  reduced.     The  tendency 
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to  form  high-  and  low-pressure  areas,  as  in  Fig.  9,  is  nearly 
destroyed,  but  the  particles  of  the  air  are  still  compelled  to 
slide  over  each  other.  Thus,  the  particles  at  A  and  B  will 
reach  the  points  a  and  b,  respectively,  at  the  same  time,  if 
they  travel  equal  distances  in  equal  times.  The  power 
expended  in  sliding  the  particles  of  air  on  each  other  is 
wasted.  This  loss  cannot  be  avoided,  whether  the  turn  is 
made  sharply,  as  in  Fig.  9,  with  a  small  radius,  as  in  Fig.  10, 
or  with  a  large  radius,  as  in  Fig.  11.     But,  the  time  afforded 
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for  making  the  change  of  direction  (the  velocity  being  the 

same  in  each  case)  is  much  greater  in  Fig.  11  than  either  of 

the  others.      The  force  required  to  deflect  a  moving  body 

from  its  normal  path  is  inversely  proportional  to  the  square 

of  the  time  in  which  the  change  of  direction  is  made.    Hence, 

if  the  change  of  direction  is  made  in  2  seconds  in  Fig.  10, 

4* 
and  in  4  seconds  in  Fig.  11,  then  —  =  4  times  as  much  force 

will  be  required  when  turning  the  curve  of  shorter  radius. 

54.  The  effects  of  pockets  or  enlargements  in  a  pipe  are 
shown  in  Fig.  12.  The  particles  /%  E  near  the  surface  are 
compelled  to  change  their  direction  twice  while  passing  the 
enlargement.     They  flow  outwards  into  the  corners  a,  a,  and 
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inwards  out  of  the  corners  b,  d;  while  the  particles  in  the 
center,  as  at  //,  pass  through  without  interruption.  Hence, 
the  outer  particles  are  retarded,  and  the  central  particles  H 
are  compelled  to  slide  forwards  on  them. 
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Fig.  12 

When  the  air  particles  pass  out  of  the  part  A  into  the 
enlargement  B,  they  are  obliged  to  fill  a  space  of  larger 
diameter.  To  do  this,  their  velocity  must  be  checked;  and 
when  they  enter  the  part  C,  their  velocity  must  be  restored 
and  made  equal  to  that  in  part  A.  To  thus  alternately  check 
and  accelerate  the  velocity  requires  the  expenditure  of  energy; 
the  energy  thus  spent  is  wasted. 


^ 


b 

Fig.  13 


55.  The  effect  of  a  dead  end  in  a  pipe  duct  is  shown 
at  I)  in  Fig.  18.  The  particles  entering  at  A  travel  around 
the  dotted  line  /i  D  to  a,  and  thus  move  through  a  much 
longer  distance  than  the  particles  that  enter  at  B  and  travel 
around  to  d.    At  the  points  c  and  d,  the  currents  oppose  each 
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Other  and  thus  waste  energy.  The  dead  end  of  the  pipe  will 
be  filled  with  an  eddying,  whirling  mass  of  air.  The  energy 
expended  in  main- 
taining these  eddies 
is  wasted. 

56.  The  effect 
of  opposing  cur- 
rents is  shown  in 
Fig.  14,  which  illus- 
trates the  forma- 
tion of  what  is  called 
the  contracted 
vein.  The  branch 
A  is  attached  at 
right  angles  to  a 
chamber  or  reser- 
voir B,  It  will  be  seen  that  the  particles  that  move  on  the 
lines  1  and  7  would  collide  if  their  motion  were  continued, 
and  would  destroy  each  other's  motion.      Their  energy  is 

expended,  however, 
in  deflecting  the  other 
parts  of  the  current 
somewhat  out  of  their 
course.  The  effect 
of  the  opposition  of 
the  various  currents 
is  to  reduce  the  di- 
ameter of  the  stream 
at  a  to  less  than 
the  diameter  of  the 
branch  A,  Conse- 
quently, the  amount 
of  air  that  will  be 
^^'  ^*  delivered  through  the 

branch  will  be  less  than  it  should  be.  The  trouble  may  be 
remedied  by  providing  the  branch  with  a  mouthpiece, 
curved  so  as  to  properly  guide  the   parts  of   the  current 
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as  shown  in  Fig.  15.     The  branch  will  then  discharge  to  its 
full  capacity. 

57.  The  resistance  to  the  flow  of  air  through  pipes  or 
ducts*  is  represented  by  the  formula 

where  R  =  resistance; 

/  =  coefficient  of  friction; 
d  —  density  of  air; 
s  =  surface  in  contact; 
V  =  the  velocity,  in  feet  per  second; 
^  =  acceleration   due   to    gravity,  which    is    equal 
to  32.16  feet  per  second. 
It  is  unnecessary,  as  a  rule,  to  compute  the  resistance  in 
heating  and  ventilating  work;  the  above  equation  is  given 
merely  to  show  the  factors  that  determine  the  resistance, 
which  is  proportional  to  the  surface  in  contact  and  to  the 
square  of  the  velocity.     The  other  factors  in  the  equation 
vary  through  relatively  narrow  limits. 

The  surface  in  round  pipes  per  square  inch  of  cross-sectional 
area  decreases  with  increase  in  the  size  of  the  pipes;  for 
example,  a  5-inch  pipe  has  .8  square  inch  of  surface  per  inch 
in  length  for  each  square  inch  of  area;  a  10-inch  pipe  has 
only  .4  square  inch,  or  half  as  much.  In  other  words,  the 
resistance  to  the  flow  of  air  varies  inversely  as  the  diameter 
of  pipes.  The  surface  and  the  resistance  are  directly  pro- 
portional to  the  length.  With  rectangular  pipes,  the  nearer 
they  are  to  being  square  in  shape  the  less  will  be  the  resistance 
to  the  passage  of  air.  The  fact  that  the  resistance  varies  as  the 
square  of  the  velocity  shows  the  lack  of  economy  in  high  veloc- 
ities. There  is  a  limit  to  low  velocities,  on  the  other  hand, 
below  which  it  is  not  wise  to  go  on  account  of  the  lack  of  con- 
trol of  the  distribution.        

MKASURKMKNT    OF    AIR    MOVEMENT 

58.  Monsurenieiit  of  Air  Voluinc. — In  order  to  esti- 
mate the  efficiency  of  a  ventilating  plant,  it  is  necessary  to 
take  measurements  of  the  air-currents  and  correctly  compute 
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the  volume  of  air  moved  in  a  given  time.  To  do  this,  two 
things  must  be  known.  First,  the  sectional  area  of  the 
flues,  or  ducts,  through  which  the  air  flows,  and,  second,  the 
velocity  with  which  the  air  moves  in  each  duct.  From  this 
data,  the  total  quantity  of  air  passing  through  the  rooms  of 
the  building  in  any  given  time  may  be  computed  by  simply 
multiplying  the  sectional  area  of  the  duct  in  square  feet  by  the 
velocity  in  lineal  feet  per  minute  and  by  the  time  in  minutes. 

If  the  velocity  is  the  same  in  all  of  the  air  ducts,  the  sum 
of  the  sectional  areas  of  the  ducts  multiplied  by  the  velocity 
will  give  the  total  volume  delivered;  but  the  velocities  vary 
considerably  in  different-sized  ducts,  even  though  the  motive 
force  is  the  same  for  all,  and  hence  it  is  usually  necessary 
to  find  separately  the  volume  delivered  by  each  duct. 

In  estimating  the  quantity  of  air  flowing  through  the 
building  in  1  minute,  particular  care  must  be  taken  to  measure 
the  air  only  as  it  enters  the  rooms,  or  only  as  it  leaves  them; 
otherwise,  the  same  air  will  be  measured  twice,  and  the 
estimate  will  be  wrong. 

It  is  usually  most  accurate  to  measure  the  inlet  currents, 
when  the  building  is  ventilated  mechanically,  by  what  is 
known  as  the  plenum  fan  system  (that  is,  when  the  air  pres- 
sure in  the  building  is  greater  than  that  of  the  external 
atmosphere)  or  by  the  natural-draft  or  gravity  system;  and 
to  measure  the  outlet  currents,  that  is,  the  currents  in  the 
vent  flues,  when  the  building  is  ventilated  by  the  exhaust 
system  (that  is,  by  fans  or  some  other  motive  power  opera- 
ting in  the  vent  flues,  which  lowers  the  pressure  of  the  air  in 
the  building  below  that  of  the  atmosphere). 

59.  Many  different  instruments  are  used  for  measuring 
the  velocity  of  air-currents  and  there  are  many  ways  of 
applying  them;  they  may  generally  be  classed,  however,  as 
anemometers,  and  pressure  gaue^es,  or  manometers.  The  ane- 
mometers indicate  velocity  only;  the  manometers  indicate 
pressures  only. 

Anemometers  are  sometimes  classed  as  static  and  dynamic^ 
the  former  being  those  that  indicate  the  velocity  by  a  change 
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in  position  of  a  disk  or  other  body  suspended  or  otherwise  set 
in  the  air-current;  the  latter  are  so  constructed  that  the  velocity 
of  the  air-current  can  be  determined  by  the  rate  at  which  it 
causes  a  propeller-like  wheel,  placed  in  its  course ^  to  revolve. 

60.     Fig,  16  shows  a  simple  static  anemometer  applied 

to  the  face  of  an  ordinary  wall  register.     It  is  composed  of  a 

paper  disk,  or  fan,  a, 
hinged  loosely  to  a 
cork  b  in  such  a  man- 
ner that  it  may  swing 
easily  to  or  from  the 
face  of  the  register  f, 
A  light  stem,  say  a 
broom  straw  d,  con- 
nects a  io  b.  A  quad- 
rant €  that  is  divided 


into  a  scale  represent- 
ing the  velocity,  in 
feet  per  second,  is  at- 
tached to  the  cork, 
and  the  stem  tf,  by 
moving  over  its  face» 
acts  as  a  pointer.  If 
there  is  no  air  passing 
out  of  the  register,  the 
force  of  gravity  will 
cause  a  and  d  to  hang 
in  a  vertical  position; 
but  when  a  ctirrent  flows  from  the  register  face  into  the  room, 
it  will  blow  the  disk  a  forwards  and  d  will  be  inclined  as 
shown  in  the  figure,  at  an  angle  that  will  vary  with  the  velocity. 

6J,  In  ventilation,  the  only  use  for  static  anemometers 
is  to  apply  them  as  permanent  fixtures  in  air-currents.  so 
that  they  may  constantly  indicate  approximate  velocities  or 
velocity  variations.  These  instruments  cannot  be  used  for 
accurate  determinations  of  mean  velocities,  because  they 
indicate  the  velocity  of  the  air  at  the  point  of  their  application 
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only.  The  velocity  of  a  given  part  of  an  air-current  is  not 
necessarily  the  same  as  that  of  some  other  part  of  the 
current.  For  instance,  the  velocity  at  the  center  of  an  air- 
current  is  usually  higher  than  that  near  the  sides,  which,  of 
course,  is  due  to  the  fact  that  the  air  particles  near  the  sides 
are  retarded  by  skin  friction,  that  is  to  say,  they  do  not 
travel  as  fast  as  those  in  the  middle  of  the  current,  because 
they  are  held  back  by  rubbing  against  the  inner  surface  of 
the  pipe  or  duct  that  serves  to  conduct  the  air-current. 

If,  then,  the  anemometer  is  placed  in  the  center  of  the  air- 
current,  the  velocity  indicated  will  not  be  the  velocity  by 
which  to  accurately  determine  the  volume  of  air  delivered 
by  the  ductj  the  velocity  thus  obtained  v%nll  be  too  high,  and, 
if  multiplied  by  the  sectional  area  of  the  duct,  the  product, 
that  is,  the  quantity  of  air  delivered,  will  be  correspondingly 
far  from  the  quantity  actually  delivered. 

If,  oil  the  other  hand,  the  instrument  indicates  the  velocity 
close  to  the  sides  only, 
and  this  v^elocity  is 
multiplied  by  the  sec- 
tional area  of  the  duct, 
the  quantity  of  air  thus 
obtained  will  be  much 
less  than  the  actual 
quantity  delivered. 

62^  ^To  determine 
the  actual  quantity  of 
air  deUvered,  the  mean 
veioeity  of  the  air-cur- 
rent, that  is,  the  aver- 
age velocity,  must  first 
be  found;  this  can  best 
be  obtained  by  the 
use  of  the  <^J^lanllc 
aiic  mo  meter,  a  good  form  of  which  is  illustrated  in  Fig.  17. 
It  consists  of  a  wind  wheel  A  and  a  registering  device  B, 
The  wind  wheel  is  composed  of  a  light  spider  having  eight 
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arms  to  which  are  fastened  very  light  blades,  or  vanes,  a,  a. 
The  arms  of  the  spider  are  so  twisted  that  the  blades,  or 
vanes,  make  an  angle  of  45°  with  the  plane  of  the  wheel,  so 
that  when  the  anemometer  is  placed  in  the  path  of  an  air- 
current,  it  causes  the  wind  wheel  to  revolve.  The  motion 
of  the  wind  wheel  is  communicated  by  its  arbor  to  the  regis- 
tering device  B,  This  device  consists  of  a  train  of  gears  in 
the  reducing  order  of  units,  hundreds,  thousands,  etc.,  so  as 
to  obtain  the  inverse  readings  of  units,  hundreds,  thousands, 
etc.  The  arbor  of  the  wind  wheel  and  that  of  each  ^ear  of 
the  train  carry  on  their  ends  index  pointers  that  show,  on 
separate  dials,  units,  hundreds,  thousands,  etc.,  as  illustrated 
in  Fig.  17.  Suppose  that  each  index  pointer  is  at  the  0  mark 
of  its  dial.  When  the  wind  wheel  has  made  100  revolutions, 
the  large  pointer  in  the  center  of  the  dial  has  made  one 
revolution,  or  it  has  moved  from  0  to  0  on  the  large  dial. 
Therefore,  each  space  of  the  dial  represents  one  revolution 
of  the  wind  wheel.  While  the  large  pointer  moved  from 
0  to  0,  or  while  the  wind  wheel  made  100  revolutions,  the 
pointer  on  the  dial  c  moved  from  0  to  1,  as  shown.  If  the 
wind  wheel  makes  another  100  revolutions,  this  pointer  will 
move  another  space,  or  from  1  to  2.  It  will  move  one  of 
these  spaces  for  each  100  revolutions  of  the  wind  wheel. 
Therefore,  the  pointer  of  this  dial  indicates  hundreds  of  feet, 
and.  the  large  dial  anything  less  than  a  hundred  feet.  If, 
now,  the  wind  wheel  should  make  so  many  revolutions  as  to 
cause  the  pointer  of  the  dial  c  to  make  one  complete  revolu- 
tion, or  to  cause  it  to  move  from  0  to  0,  the  pointer  of  the 
dial  c  would  move  from  0  to  1\  therefore,  the  pointer  of  this 
dial  indicates  thousands  of  feet.  That  this  is  true  will  be 
clear  from  the  following:  In  order  to  move  the  pointer  on 
the  dial  c  one  division,  the  wind  wheel  had  to  make 
100  revolutions,  and  since  the  pointer  of  the  dial  c  had  to 
move  ten  divisions  to  make  1  revolution,  the  wind  wheel 
must  make  10  X  100  =  1,000  revolutions. 

In  the  same  manner,  it  may  be  calculated  and  shown  that 
the  pointers  of  the  dials  /,  ;/,  and  if  indicate  ten  thousands, 
hundred  thousands,  and  millions  of  feet,  respectively. 
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63.  Anemometers  like  that  illustrated  by  Fig.  17  are 
usually  so  constructed  that  when  the  air  that  passes  through 
the  wind  wheel  moves  1  foot  horizontally,  the  wind  wheel 
will  make  1  revolution;  therefore,  if  the  large  pointer 
were  at  0  of  the  large  dial,  and  the  instrument  were  placed 
in  a  current  of  air  for  1  minute,  and  after  removing  it  the 
pointer  was  at  the  76  point  of  the  dial,  then  the  velocity  of 
the  current  would  be  76  feet  per  minute.  Suppose  all  the 
pointers  to  be  at  their  0  marks,  and  the  instrument  placed  in 
a  current  for  1  minute.  If,  on  looking  at  the  pointers,  it  is 
found  that  the  pointer  of  the  dial  e  is  at  2,  that  of  the  dial  c 
at  1  and  that  of  the  large  dial  at  ISy  as  shown  in  the  figure, 
what  is  the  velocity  of  the  current? 

Since  the  dial  e  records  thousands  of  feet,  write  down 
2,000;  since  the  dial  c  records  hundreds  of  feet,  write 
down  100,  and  since  the  large  dial  records  18  feet,  write 
down  18.  Therefore,  the  sum  of  these,  or  2,118  feet,  is  the 
velocity  of  this  current  per  minute. 

64.  To  make  the  readings  more  accurate,  anemometers 
are  supplied  with  an  attachment  for  disconnecting  the  regis- 
tering device  while  the  wind  wheel  is  in  motion,  without  stop- 
ping the  wind  wheel.  Such  an  attachment  is  shown  at  r, 
Fig.  17.  By  moving  r  to  the  right,  the  registering  device 
is  in  gear,  and  the  pointers  will  move  when  the  wind  wheel 
revolves;  and  when  r  is  moved  to  the  left,  the  wind  wheel 
may  still  revolve,  but  the  pointers  will  not  move. 

65.  A  good  idea  of  the  operation  of  action  of  this  instru- 
ment may  be  obtained  by  the  following  example:  The  first 
thing  to  do  is  to  read  the  instrument  and  note  the  number 
registered  on  it,  since  it  is  impossible  to  have  the  instrument 
at  zero  on  all  the  dials  at  all  times.  Suppose  that  the  instru- 
ment is  standing  at  15,472,  and  after  it  has  been  held 
3  minutes  in  the  current,  the  reading  is  17,740.  Now,  the 
last  reading  is  greater  than  that  at  which  the  instrument 
stood  before  it  was  put  in  the  current  by  17,740  —  15,472 
=  2,268.  In  other  words,  the  wind  wheel  made  2,268  revo- 
lutions in  3  minutes,  and   therefore  in   1   minute   it   made 
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2  268 

— ^—  =  756  revolutions.    The  velocity  of  the  air-current  is> 

then,  756  feet  per  minute. 

Further,  notice  that  17J40  will  be  the  first  reading  the 
next  time  the  instrument  is  used. 

When  the  anemometer  is  first  held  in  a  current*  it  loses 
from  30  to  50  revolutions  before  the  inertia  due  to  the  mov- 
ing: parts  is  overcome.  The  result  is  that  to  all  readings  a 
certain  constant  must  be  added.  The  constant  is  supplied 
by  the  maker  of  the  instrument*  H  30  were  the  constant  for 
the  case  mentioned,  the  correct  reading  would  have  been 

_i     _2: '  .  —  7^6  revolutions  per  minute,  corresponding  to  a 
o 

velocity  of  766  feet  per  minute. 


66*  In  applying  the  anemometer  to  currents  of  air  flow- 
ing  through  registers,  etc.  into  a  room,  the  natural  condi- 
tions should  be  allowed  to  exist,  that  is  to  say,  the  register 
should  not  be  removed  from  the  face  of  the  air  duct;  because, 
by  doing  so,  the  velocity  of  the  air-current  will  be  increased 
on  account  of  the  free  opening,  and  a  much  larger  volume 

of  air  will  enler  the 
room  than  really  en- 
ters when  the  regis- 
ter is  in  place*  The 
grating  forms  a  re- 
sistance to  the  flow, 
andi  consequently,  re- 
duces the  volume 
delivered* 

It  is  quite  a  dif- 
ficult matter  to  obtain 
even  a  fairly  close 
approximation  to  the  volume  of  air  flowing  through  registers, 
because  the  sectional  area  of  the  current  must  be  known  as 
well  as  the  velocity,  and  this  cannot  be  determined  over  the 
face  of  a  register,  since  the  air  comes  through  the  numerous 
small  openings  with  a  high  velocity  and  mijces  directly  with 
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the  air  in  the  room.  Approximate  readingfs  are  often  taken 
by  moving  the  anemometer  to  and  fro  over  the  face  of  a 
floor  register,  on  a  horizontal  plane  about  1  or  2  inches 
above  it. 

Probably  the  best  method,  however,  is  to  make  a  sheet*iron 
tube  a  (see  Fig.  18)  that  will  enclose  the  perforations  in  the 
register  grating,  as  shown.  The  tube  will  envelop  the  air- 
current  and  cause  it  to  flow  through  in  a  body,  the  sectional 
area  of  which  can  easily  be  measured.  The  anemometer  is 
held  over  the  orifice  of  the  tube,  as  shown »  and  is  steadily 
moved  back  and  forth,  and  a  very  close  approximation  to  the 
mean  velocity  is  thus  obtained, 

67,  It  is  not  a  simple  method  to  ascertain  the  quantity  of 
air  entering  a  room  through  a  wall  register  or  other  grating, 
because  of  the  inev- 
itable eddies  formed  by 
a  sharp  bend  or  elbow. 
For  example,  Fig.  19 
shows  a  vertical  flue  a, 
with  a  rectangular 
grating  i>  over  its  ori- 
fice. The  air  flows  in 
the  direction  of  the  ar- 
rows, and  eddies  that 
very  much  affect  the 
outflow  of  air  from  the 
lower  part  of  b  are 
formed  at  ^.  If  the 
anemometer  is  applied 
at  the  face  of  h,  a  very 
inescact  reading  will  be  obtained,  even  though  a  short  tube 
is  used  to  envelop  the  current. 

Probably  the  best  and  most  simple  method  of  computing 
the  quantity  of  air  delivered  from  such  a  flue  is  to  take  off 
the  grating,  insert  the  anemometer  c  (which  is  attached  to  a 
wire  handle)  in  the  flue,  as  shown,  and  work  it  back  and  forth, 
after  the  grating  has  been  replaced.    By  this  method,  a  very 
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accurate  determination  of  the  velocity  of  the  current  in  the  flue 
can  be  obtained,  and  the  sectional  area  of  the  current  at  the 
part  where  the  anemometer  was  applied  can  easily  be  found. 
When  taking  measurements  of  the  velocity  of  air,  partic- 
ular care  must  be  taken  to  stand  clear  of  the  current,  so  as 
not  to  obstruct  it  in  any  way;  otherwise,  the  computations 
will  be  more  or  less  inaccurate. 

68.  In  measuring  and  computing  the  volume  of  air,  the 
temperature  at  the  time  of  measurement  must  always  be 
taken  into  account.  For  convenience  in  comparing  one 
measurement  with  another,  the  volumes  should  all  be 
reduced  to  corresponding  volumes  at  460°  absolute,  which 
may  easily  be  done  by  the  rule  in  Art.  4.  In  measuring 
the  volume  of  air  that  passes  through  any  pipe,  care  should 
be  taken  that  the  measurements  of  velocity,  area  of  the  flue, 
and  the  temperature  of  the  air  be  all  made  at  the  same  place. 

69.  The  velocity  of  air  under  pressure  in  pipes  may  be 
measured  by  means  of  Pltot's  tube,  which  is  shown  in 

Fig.  20.  It  consists  of 
two  tubes  fl,  b  inserted  in 
a  suitable  plug  c.  The 
lower  end  of  a  is  square, 
but  that  of  b  is  curved 
to  face  the  current,  as 
shown.  The  upper  ends 
of  the  tubes  are  con- 
nected to  a  water 
gauge  d. 

The  pressure  that  af- 
fects the  gauge  is  due  to 
the  momentum  of  the  air 
that  strikes  the  open  end 
of  the  tube  b.  The  veloc- 
ity corresponding  to 
any  particular  indication 

of  the  attached  water  gauge  may  be  found  by  means  of  the 

tables  furnished  by  the  instrument  maker. 


Fig.  20 
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70.  Measurement  of  Air  Pressure. — The  pressure  of 
air,  as  commonly  used  in  heating  and  ventilation  work,  is 
very  small;  it  may  be 
measured  by  means  of 
the  >vater  g^uufi^e. 
This  is  constructed  in 
many  forms,  the  sim- 
plest of  which  is  shown 
in  Fig.  21.  It  consists 
of  a  glass  tube  with 
two  arms  «,  b  partly 
filled  with  water.  The 
upper  end  of  the  tube  a 
is  open  to  the  atmos- 
phere, and  the  end  of 
the  tube  b  is  inserted 
in  a  cork  c.  When  the  pressure  in  a  exceeds  the  pressure 
in  bj  the  water  will  sink  in  a  and  rise  in  b,  as  shown.  The 
difference  in  the  levels,  of  the  water  in  the  tubes,  measured  in 
inches,  indicates  the  difference  in  pressure,  in  inches  of  water. 

To  measure  the  draft  pressure  in  a  chimney  or  flue,  a  con- 
nection should  be  made  to  the  interior  by  means  of  a  piece 
of  1-inch  iron  pipe,  which  should  be  cemented  air-tight  in  a 
hole  through  the  brickwork.  The  water  gauge  may  then  be 
inserted  in  the  cork  r,  and  the  cork  pressed  firmly  into  the 
end  of  the  iron  pipe,  as  shown,  taking  care  that  the  gauge 
arms  stand  vertically.  The  difference  in  level  can  then  be 
measured  by  means  of  a  common  rule  held  behind  the  tubes. 

71.  The  water  gauge  shown  in  Fig.  21  is  not  sufficiently 
sensitive  or  delicate  for  the  accurate  measurement  of  very 
light  pressures,  and  special  modifications  are  made  for  that 
purpose,  as  shown  in  Figs.  22  and  23. 

The  differential  air  ^au^o  is  shown  in  Fig.  22.  The 
tubes  ay  b  are  connected  to  large  bulbs,  or  chambers,  r,  d. 
The  bulbs  of  the  instrument  are  filled  with  two  liquids  that 
have  a  small  difference  in  weight.  Under  equal  pressures, 
the  lighter  liquid  in  c  will  stand  at  a  slightly  higher  level  than 
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that  in  d.  When  pressure  is  applied  to  c/,  for  example,  the 
dense  liquid  will  rise  in  a  until  the  difference  in  weight  of 
the  two  columns,  measured  from  the  surface  of  the  liquids  in 
the  bulbs,  balances  the  extra  pressure.  The  sensitiveness  of 
the  instrument  will  depend  on  the  smallness  of  the  difference 
in  the  weight  of  the  liquids  employed.  If  pressure  is  applied 
to  c,  the  movement  of  the  column  will  be  downwards,  and  if 
the  oil  or  other  light  liquid  should  be  driven  past  the  bend  at 
the  bottom  of  the  tubes,  it  will  rise  through  the  denser  liquid 
in  the  tube  b,  and  will  impair  the  working  of  the  instrument. 

When  this  instrument  is  used  as 
a  draft  gauge,  the  connection  to 
the  chimney  or  ventilating  flue  is    ^r 
made  through  the  bulb  c. 


Pig.  22 


Pig.  23 


72.  Iloadley's  differential  draft  ^au^ice  is  shown  in 
Fig.  28.  Its  main  features  are  two  equal  chambers  a,d  con- 
nected by  means  of  tubes  c,  d  and  cocks  e,  h.  The  instrument 
is  connected  to  the  chimney  or  flue  by  means  of  the  rubber 
tube  /  and  an  iron  pipe  similar  to  that  shown  in  Fig.  21. 
The  three-way  cock  /  serves  to  open  or  close  communication 
from  the  chamber  a  to  the  flue  or  chimney,  and  also  to  admit 


§28  PRINCIPLES  OF  VENTILATION  57 

or  shut  out  the  atmosphere  through  the  nozzle  i.  The 
atmosphere  may  be  admitted  to  the  tube  b  through  the 
petcock  g. 

The  lower  parts  of  the  tubes  are  filled  with  a  mixture  of 
water  and  alcohol  up  to  the  zero  of  the  scale.  The  upper 
part  of  the  instrument  is  then  filled  with  a  liquid  that  is 
lighter  than  water,  usually  olive  oil.  Care  is  taken  to  have 
the  surfaces  of  the  oil  in  the  chambers  a,  b  ^t  exactly  the 
same  level,  and  to  have  the  water  stand  at  equal  heights 
in  the  tubes  ^,  d.  To  use  the  instrument,  the  cock  h  is 
closed,  g  and  e  are  opened,  and  /  is  opened  to  the  chimney 
or  flue  through  the  tube  j.  The  water  rises  in  c\  e  is  then 
closed,  and  /  is  closed  to  the  flue  or  chimney  and  opened 
to  the  atmosphere.  The  surface  of  the  oil  now  stands 
higher  in  a  than  in  b.  By  opening  //,  the  oil  flows  from 
one  chamber  to  the  other,  and  again  comes  to  a  level  in 
both;  h  is  then  closed,  e  is  opened,  and  connection  is 
again  made  to  the  chimney.  The  water  now  rises  higher 
in  c.  This  operation  is  repeated  until  the  water  refuses  to 
rise  any  higher  in  the  tube  c,  and  there  is  no  difference  of 
level  in  the  contents  of  the  chambers  a,  b.  The  difference  in 
the  height  of  the  water  columns  is  then  read  from  the  scale. 
The  excess  •f  pressure  in  the  chamber  b  over  that  in  a  is  equal 
to  the  difference  in  weight  of  the  columns  of  the  water  and 
oil,  having  a  height  equal  to  the  reading  taken  from  the  scale. 

It  will  be  seen  that  by  using  two  liquids  that  have  but  a 
small  difference  in  specific  gravity,  the  instrument  may  be 
made  to  measure  exceedingly  light  pressures. 


VBNTIIiATION 


DEFINITION    AND    PURPOSE 

73.  Ventilation  may  properly  be  defined  as  the  sys- 
tematic and  continuous  removal  of  foul  air  from  rooms  used 
either  for  habitation  or  for  manufacturing  purposes,  and  the 
constant  introduction  of  fresh  air  to  take  its  place.  To  con- 
stitute a  system  of  ventilation,   these  operations  must  be 
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practically  continuous,  at  least  during  the  time  that  the 
premises  are  occupied  by  persons  or  animals.  The  occa- 
sional airing  of  rooms  by  opening  the  doors  and  windows, 
allowing  the  fresh  outdoor  air  to  enter  and  dilute  or  displace 
the  vitiated  atmosphere,  is  called  aeration^  and  is  not  consid- 
ered as  coming  strictly  within  the  meaning  of  the  term 
ventilation. 

74.  Ventilating  processes  are  used  for  many  purposes 
other  than  the  purification  of  the  air  in  dwellings,  etc.  They 
are  employed  for  removing  smoke  and  offensive  odors  given 
off  during  manufacturing  operations;  to  carry  away  the  steam 
and  vapor  from  drying  rooms  and  dye  houses;  to  expel  and 
disperse  poisonous  or  explosive  gases,  such  as  are  fotmd  in 
coal-mining  operations;  to  drive  off  overheated  air  and  keep 
the  temperature  of  rooms  down  to  a  proper  degree;  to  pre- 
vent sunshine  and  the  heat  of  the  outer  atmosphere  from 
penetrating  into  ice  houses  or  cold  rooms,  and  to  maintain  a 
uniform  degree  of  cold  and  dryness  in  cold-storage  ware- 
hpuses.  Ventilating  processes  are  also  employed  in  stables 
and  barns  occupied  by  horses,  and  notably  for  the  benefit 
of  milch  cows. 

In  studying  the  subject  of  ventilation,  it  is  Tiecessary  to 
consider  the  physical  properties  of  air  and  gases,  and  the 
variations  in  them  caused  by  changes  in  the  weather;  the 
nature,  source,  and  extent  of  the  emanations  that  contam- 
inate the  air  and  make  its  removal  necessary;  the  means 
that  are  available  for  moving  it  in  the  manner  desired,  and 
the  apparatus  best  adapted  for  that  purpose;  and  also  the 
proper  manner  of  arranging  and  constructing  buildings 
so  as  to  secure  good  ventilation  at  all  seasons,  and  at 
reasonable  cost.  The  air  furnished  to  dwellings,  etc.  must 
be  thoroughly  adapted  to  the  wants  of  the  inmates  at  all 
times,  being  warmed  in  winter  and  cooled  in  summer.  It 
should  be  regulated  as  to  quantity  and  humidity,  and  its 
purity  must  be  assured  under  all  circumstances.  The  sub- 
ject of  ventilation,  therefore,  includes  not  only  the  move- 
ment and  distribution  of  air,  but  also  the  heating,  cooling. 
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drying,  humidification,  and  purification  that  are  necessary 
to  fit  it  for  use. 

75.  The  primary  object  of  ventilation  is  the  removal  of 
vitiated  air.  This  being  done,  natural  air,  presumably  of 
better  quality,  will  flow  in  from  all  directions  to  take  its 
place.  The  preparation  of  this  fresh  air  for  use  by  warming 
and  otherwise  is  a  secondary  matter,  although  one  of  great 
importance. 

The  need  of  heat  for  warming  purposes  is  universally 
understood,  but  the  necessity  of  having  pure  air  to  breathe 
is  not  so  well  known — indeed,  many  people,  otherwise  well 
informed,  regard  the  demand  for  pure  air  as  an  unnecessary 
refinement.  It  may  be  noted,  however,  that  people  can 
endure  great  variations  in  the  temperature  without  injury, 
merely  by  adjusting  the  amount  of  their  clothing,  but  that 
they  cannot  breathe  foul  air  without  paying  the  full  penalty 
in  every  case,  and  that  there  is  no  possible  way  of  adjusting 
the  human  organism  so  as  to  be  unharmed  by  it. 

While  all  diseases  are  aggravated  by  inhaling  bad  air,  it 
is  not  known  with  certainty  that  any  specific  disease  is 
directly  traceable  to  its  influence.  Of  course,  if  the  air  is 
infested  with  disease  germs  thrown  off  from  persons  suffering 
from  smallpox,  typhus,  cholera,  consumption,  or  other  con- 
tagious diseases,  the  breathing  of  air  contaminated  by  such 
impurities  will  operate  to  spread  these  malignant  affections 
by  conveying  the  germs  into  the  mouth  and  lungs  of 
healthy   people. 

The  evil  effects  of  the  habitual  breathing  of  vitiated  air, 
by  both  men  and  animals,  have  been  carefully  observed  for 
long  periods  of  time.  The  most  noticeable  and  certain  effect 
is  the  lowering  of  the  vital  energies  of  persons  thus  exposed, 
producing  what  is  called  j^eneral  debility^  and  making  them 
very  susceptible  to  disease  in  all  forms.  Healthy  people 
possess  a  high  resisting  power  against  disease,  but  the  con- 
tinued inhalation  of  impure  air  constantly  diminishes  this 
power  of  resistance,  until  the  persons  thus  affected  easily 
succumb  to  any  adverse  influence  that  may  be  brought  to 
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bear  on  them.     Children  have  less  vital  energy  than  adults, 
and  are  more  quickly  and  seriously  affected. 

76.  Good  ventilation  is  not  only  desirable  for  the 
pleasure  afforded  by  breathing  fresh,  invigorating  air,  but  is 
also  absolutely  necessary  for  the  maintenance  of  good  health, 
and  to  prevent  the  spread  of  infectious  diseases.  It  is  highly 
desirable,  also,  as  a  matter  of  cleanliness.  No  civilized 
person  will  consent  to  take  into  his  mouth  any  article  of  food 
that  has  been  in  the  mouth  of  another,  or  to  put  on  under- 
clothing that  has  been  worn  by  some  other  person.  There  is 
precisely  the  same  reason  for  refusing  to  inhale  the  air  that 
has  been  ejected  from  the  lungs  of  other  people,  or  to 
breathe  air  mingled  with  the  vapor  and  odors  given  off  from 
their  bodies  and  clothing. 

It  cannot  be  said  that  good  ventilation  has  been  attained 
until  each  person  is  supplied  with  air  in  proper  quantity,  of 
proper  temperature,  without  drafts,  and  free  from  all  animal 
exhalations,  street  dust,  gases  of  decomposition,  or  products 
of  combustion.  

GENERAL.    REQUIREMENTS 

77.  The  requirements  for  the  successful  ventilation  of 
the  various  classes  of  buildings  that  are  occupied  by  human 
beings  are  alike  in  principle  in  all  cases.  The  ventilating 
engineer  should  bear  in  mind  that  ventilation  is  a  sanitary 
necessity,  and  should  realize  that  the  physical  health  of  those 
who  occupy  the  premises  to  be  ventilated  depends  in  a  large 
degree  on  the  skill  and  faithfulness  with  which  he  plans  and 
executes  his  work.  His  patrons  have  in  most  cases  very 
hazy  and  often  mistaken  ideas  of  what  is  necessary  and 
proper,  and  consequently  are  unwilling  to  expend  sufficient 
money  to  secure  proper  ventilation.  He  has,  therefore,  to 
protect  these  people  against  their  own  ignorance  and 
parsimony. 

Considering  the  matter  from  a  sanitary  standpoint,  the 
problem  of  ventilating  the  ordinary  dwelling,  containing 
from  four  to  eight  rooms,  must  be  regarded  as  the  most 
important,  because  the  vast  majority  of  people  are  housed 
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in  that  kind  of  building,  and  are  vitally  affected  by  the  con- 
ditions prevailing  in  them.  Schoolhouses  come  next  in 
importance,  being  occupied  by  large  numbers  of  children 
for  from  4  to  6  hours  per  day.  Children  are  much  more 
susceptible  than  adults  to  unsanitary  influences,  and  must 
therefore  be  guarded  with  the  utmost  care.  Next  in  impor- 
tance are  the  manufactories,  containing  large  numbers  of 
people  engaged  in  labor  for  from  8  to  12  hours  per  day. 
Public  buildings,  such  as  theaters,  churches,  audience  rooms, 
and  legislative  halls,  although  they  receive  the  greatest  share 
of  public  attention,  are  really  of  less  importance  to  the  sani- 
tarian, because  they  contain  comparatively  a  smaller  portion 
of  the  population,  and  are  occupied  only  for  short  periods 
of  time.  

QUANTITY    AND    QUALITY    OF    AIR    REQUIRED 

78.  In  order  to  answer  properly  the  question:  What 
should  be  the  quantity  and  quality  of  the  air  supplied  for 
purposes  of  ventilation?  it  is  necessary  to  consider  the 
effects  produced  by  breathing  foul  air,  not  merely  for  a  few 
hours,  but  for  long  periods  of  time.  A  large  number  of 
competent  investigators  have  observed  its  effects  on  soldiers 
occupying  poorly  ventilated  barracks,  and  on  operatives 
working'  in  closed  workrooms,  etc.,  the  observations  extend- 
ing over  a  period  of  many  years.  A  comparison  of  the 
results  thus  obtained  proves  the  slow  but  certain  production 
of  throat  and  lung  troubles,  and  a  constant  loss  of  energy 
and  vitality  that  shortens  life  to  a  serious  extent,  and  makes 
existence  a  burden  instead  of  a  pleasure. 

There  is  only  one  way  by  which  the  fitness  of  air  for 
respiration  can  be  determined  with  any  certainty,  and  that  is 
by  chemical  examination.  The  sense  of  smell  cannot  be 
depended  on  for  this  purpose,  because  it  is  so  easily  blunted. 
After  remaining  for  10  or  15  minutes  in  a  room  full  of 
bad  air,  a  person  will  usually  be  unable  to  perceive  any 
unpleasant  odor  about  it.  It  is  only  on  passing  from  the 
fresh  outdoor  air  into  a  tainted  atmosphere  that  the  sense  of 
smell  can  be  relied  on  to  discover  the  bad  quality  of  the  air, 
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but  even  then  no  accurate  estimate  can  be  made  of  the  real 
degree  of  pollution. 

79.  Two  parts  of  carbon  dioxide  per  10,000  parts  of  air 
in  excess  of  that  already  contained  in  the  atmosphere,  which 
is  about  4  parts,  is  claimed  by  scientists  to  be  the  point  of 
maximum  vitiation  permissible  in  air  of  standard  respirable 
purity.  In  order  to  properly  ventilate  a  room,  that  is,  to 
prevent  the  vitiation  of  the  air  within  it  from  exceeding  this 
standard  of  purity,  a  quantity  of  fresh  air  must  enter  the 
room,  be  diffused  with  the  vitiated  air,  and,  by  passing  again 
to  the  outer  atmosphere,  carry  a  quantity  of  the  foul  matter 
with  it.  In  order  to  find  the  quantity  of  fresh  air  required,  it 
is  first  necessary  to  ascertain  the  capacity  of  the  vitiating 
agents  to  contaminate  the  air.  For  instance,  adult  males 
each  evolve  about  .7  cubic  foot  of  carbon  dioxide  per  hour; 
adult  females,  .6;  children,  3.5  to  .5;  candles,  .3;  oil  lamps 
about  1.2;  common  gas  burners  about  1.2.  The  amount  of 
air  required  per  hour  to  keep  the  vitiation  down  to  the  limit 
proposed  may  be  found  as  follows: 

Rule. — Multiply  lOflOO  by  the  cubic  feet  of  carbon  dioxide 
evolved  per  hour^  and  divide  the  product  by  the  excess  number  of 
Parts  of  carbon  dioxide  allowed  Per  10,000  parts  of  the  fresh  air. 
The  quotient  will  be  the  cubic  feet  of  fresh  air  required  per  hour. 

Or.  Q  =  15,000^ 

b 

where    Q  =  fresh  air  per  hour,  in  cubic  feet; 

a  —  carbon  dioxide  evolved  per  hour,  in  cubic  feet; 
b  =  difference    in   the    number  of  parts   of  carbon 
dioxide  per  10,000  parts  in  the  vitiated  air 
and  fresh  air. 

Example. — A  room  containing  50  men  and  40  women  is  lighted  by 
48  gas  jets.  How  much  fresh  air  is  required,  per  hour,  in  order  that 
the  quantity  of  carbon  dioxide  may  not  rise  higher  than  2  parts  in 
10,000  parts  above  that  already  contained  in  the  fresh  air? 

Solution. — Applying  the  rule, 

^        10,000X  (50X.7-I-40X  .6-h48X  1.2)         .^o  nrv>  ** 

G  = ^2 -  683,000  cu.  ft.  per  hr. 

Ans. 
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80.  When  a  definite  animal  or  musty  odor  begins  to  be 
perceptible,  the  air  is  said  to  be  rather  close,  and  the  exhaled 
carbon  dioxide  is  found  to  amount  to  4  or  5  parts  per  10,000 
in  excess  of  that  normally  present  in  the  atmosphere.  When 
the  proportion  increases  to  7  or  8  parts  in  excess,  the  air  is 
called  very  close,  and  when  it  reaches  12  parts  in  excess,  the 
air  is  pronounced  very  bad.  Beyond  this  point,  the  sense  of 
smell  fails  to  perceive  any  marked  difference.  Proper  venti- 
lation requires  that  the  exhaled  carbon  dioxide  should  not  be 
allowed  at  any  time  to  rise  above  2  parts  per  10,000  in  excess 
of  the  amount  normally  present  in  the  atmosphere.  Not 
only  does  each  adult  person  in  good  health  exhale,  while  at 
rest,  about  .7  cubic  foot  of  carbon  dioxide  per  hour,  but  in 
the  same  time  there  is  exhaled  from  the  lungs  and  skin  about 
.091  pound  of  water  that  at  70°  becomes  about  80  cubic  feet 
of  steam  or  vapor.  Each  person  also  imparts  about  400 
British  thermal  units  per  hour  to  the  air  of  the  room,  by 
conduction  and  radiation  from  the  body.  The  air  supplied 
for  ventilation  must,  therefore,  serve  three  purposes:  to  dilute 
the  carbon  dioxide  to  a  proper  degree;  to  absorb  the  vaprirs 
exhaled,  without  permitting  any  noticeable  increase  in  the 
humidity;  and  to  absorb  the  heat  as  rapidly  as  emitted,  with- 
out perceptible  rise  of  temperature. 

In  order  to  dilute  .7  cubic  foot  of  carbon  dioxide  to  the 
proportion  of  2  parts  in  10,000,  it  is  necessary  to  mix  it  with 
10,000  X^  ^  3^^QQ  ^i^j^  ^gg^  ^£   ^jj.     Therefore,  the  air 

supply  should  be  3,500  cubic  feet  per  hour  for  each  adult 
person. 

Taking  into  consideration  the  smaller  amount  of  carlx^n 
dioxide  produced  by  children,  the  supply  of  air  for  school- 
rooms and  similar  peaces  may  be  taken  at  from  1,»VX)  to  2,»VX> 
cubic  feet  per  person  per  hour,  the  Massachuurits  standard 
being  1,800  cubic  feet.  Inasmuch  as  it  is  difficult  to  secure 
perfect  diflFusioii  of  the  fresh  air  introduced  for  the  pur^xise 
of  dilating  the  impurities,  so  as  to  maintain  the  atmosphere 
in  schoolrooms  at  the  a^jcepted  star.dard  of  respirable  p'jrity, 
the  air  rapply  for  schoolrooms  should  never  ix:  less  than 
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1,800  cubic  feet  per  pupil  per  hour.  Ordinarily,  this  amount 
of  air  is  also  sufficient  to  absorb  the  vapor  and  bodily  heat. 
The  addition  of  80  cubic  feet  of  vapor  to  1,800  cubic  feet  of 
air  at  70°  will  not  increase  the  humidity  enough  to  be  objec- 
tionable unless  the  moisture  of  the  air  is  much  too  high  on 
entering.  The  bodily,  or  animal,  heat,  however,  has  a  more 
noticeable  effect.  As  each  British  thermal  unit  will  raise  the 
temperature  of  about  55  cubic  feet  of  air  1°,  it  follows  that 
400  British  thermal  units  will  heat  1,800  cubic  feet  about  12°. 
No  such  rise  of  temperature  will  be  observed,  however, 
except  under  extraordinary  conditions,  *  because  a  much 
greater  amount  of  heat  is  lost  from  the  room  in  the  same 
time  by  conduction  through  the  walls,  windows,  etc. 

An  allowance  of  1,800  cubic  feet  per  hour,  or  30  cubic  feet 
per  minute,  is  the  smallest  that  should  ever  be  made,  except 
in  the  case  of  small  children,  when  1,500  cubic  feet  per  hour 
should  be  the  minimum,  and  it  is  advisable  to  increase 
the  supply  whenever  it  can  be  done  without  unreasonable 
expense. 

81  •  Thus  far,  in  determining  the  quantity  of  air  required, 
no  account  has  been  taken  of  any  other  source  of  contamina- 
tion than  the  respiration  and  bodily  exhalations  of  persons 
occupying  the  apartments.  Lamps  and  gas  burners  produce 
large  amounts  of  carbon  dioxide,  and  occasionally  other 
gases  of  a  more  harmful  nature.  Ordinarily,  these  products 
of  combustion  do  not  need  so  much  dilution  as  the  products 
of  respiration,  and  for  purposes  of  computation  the  allowable 
proportion  may  be  assumed  as  10  parts  in  10,000.  Electric 
incandescent  lamps  do  not  vitiate  the  air,  because  there  is  no 
combustion  present.  It  must  not  be  forgotten  that  when  gas 
is  burned,  a  considerable  amount  of  moisture  is  added  to  the 
air,  all  of  the  hydrogen  being  converted  into  water.  When 
a  large  number  of  gaslights  is  employed,  the  humidity  is 
likely  to  be  increased  to  an  uncomfortable  degree. 

82.  The  volume  of  the  air  supply  required  varies  with 
the  season  and  the  condition  of  the  outer  atmosphere.  In 
clear,  cold  weather,  1,800  cubic  feet  per  hour  per  head  is 
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sufficient  for  good  ventilation;  on  a  mild  spring  day,  with  a 
damp,  muggy  atmosphere,  it  is  difficult  to  get  enough  air 
without  getting  too  much  heat  at  the  same  time.  The  air  is 
not  dried  in  the  least  by  passing  through  heaters,  and  on 
such  days  it  is  liable  to  be  so  moist  and  warm  that  the  air 
passing  out  through  the  vent  flues  fails  to  remove  the  animal 
heat  as  fast  as  is  necessary  to  insure  comfort.  Where  people 
assemble  in  considerable  numbers,  as  in  schools,  etc.,  mois- 
ture-laden air  is  liable  to  produce  a  feeling  of  lassitude,  and 
even  fainting  spells.  On  such  occasions,  it  is  highly  desir- 
able to  have  some  means  for  reducing  the  humidity  of  the  air. 

83.  Generally  speaking,  it  is  impracticable  to  make 
calculations  for  ventilation  or  heating  on  a  basis  of  the 
cubical  contents  of  an  apartment.  The  amount  of  air 
required  depends  solely  on  the  number  of  persons  occupying 
the  room,  and  on  the  nature  and  extent  of  the  air-contami- 
nating influences.  The  size  of  the  room  does  not  necessarily 
enter  into  the  calculation.  Thus,  60  people  require  pre- 
cisely the  same  amount  of  air  whether  they  are  packed  in  a 
railroad  car  or  are  scattered  over  a  large  hall.  The  require- 
ments of  heating  are  equally  independent  of  the  cubical  con- 
tents or  space.  The  amount  of  heat  to  be  supplied  depends 
wholly  on  the  amount  lost  through  cooling  surfaces  and  by 
ventilation.  It  varies  with  every  change  in  the  temperature 
of  the  outer  atmosphere,  and  must  be  modified  to  suit  occa- 
sions of  excessive  humidity. 

Thus  it  is  seen  that  a  knowledge  of  the  dimensions  of  the 
space  to  be  ventilated  or  warmed  affords  no  data  for  com- 
puting the  supply  of  either  air  or  heat.  All  rules,  therefore, 
that  are  based  on  the  volume  of  the  room  are  empirical,  and 
are  mere  aids  to  guesswork.  It  is  the  practice  of  many 
heating  engineers  to  assume  that  the  air  should  be  changed 
a  certain  (arbitrary)  number  of  times  per  hour,  instead  of 
computing  the  amount  required  by  the  persons  occupying 
the  room.  This  proceeding,  however,  is  not  a  rational 
one,  and  the  results  arrived  at  are  little  more  than  mere 
guesswork. 
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84,  Cubic  space  is  not  a  very  important  factor  in  venti- 
lation»  but  a  certain  minimum  space  is  required  for  each 
person,  because  the  carbon  dioxide  and  other  exhalations 
from  the  body  diffuse  themselves  throug^h  the  air  with  com- 
parative slowness,  and  in  order  to  secure  their  dispersion 
into  the  atmosphere  with  proper  rapidity,  it  is  necessary 
that  every  person  should  have  a  certain  amount  of  breathing 
room. 

The  minimum  space  that  may  be  permitted,  in  cubic  feet 

per  person,  is  as  follows: 

Cubic  Feet 

In  a  lodging  or  tenement  house' 300 

In  a  schoolroom 250 

Barracks 600 

Ordinary  hospital  ward 1,000 

Fever  or  surgical  ward 1,400 

85,  Floor  space  must  be  considered  as  much  as  cubic 
space.  Thus,  in  a  schoolroom,  there  must  be  an  aggregate 
of  not  less  than  15  square  feet  of  floor  surface  for  each  pupil; 
and  in  hospitals  each  bed  should  have  100  square  feet  of 
floor  space.  In  stables,  each  horse  or  cow  should  have  100 
square  feet  of  floor  space.  A  horse  should  have  1,600  cubic 
feet  of  air  space,  and  a  cow  not  less  than  1,200.  As  cows 
are  usually  kept  to  furnish  milk  for  food,  it  is  important  that 
they  should  be  kept  in  a  healthy  condition,  and  that  the  air 
around  them  should  be  clean.  The  practice  of  furnishing 
their  quarters  with  plenty  of  good  air  has  been  found  highly 
beneficial. 
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DIFFUSION    OF    AIR    AND    OTHER    OASES 

!•  When  two  or  more  gases  are  confined  in  the  same 
enclosure  or  chamber,  each  gas  will  expand  throughout  the 
entire  space.  The  pressure,  or  tension,  of  the  mixture  will 
depend  on  the  proportion  between  its  weight  and  the  volume 
of  the  space  within  the  chamber.  Each  gas  will  diffuse 
uniformly  throughout  the  whole  space;  therefore,  a  mixture 
of  gases  will  not  separate  into  strata  or  layers  by  standing 
quietly  for  a  long  time,  unless  the  gases  are  more  than 
saturated.  Stratification  will  begin  when  complete  saturation 
is  obtained.  Some  of  the  heavy  gases  diffuse  slowly,  and  if 
the  opportunity  for  diffusion  is  restricted,  the  body  of  gas 
may  remain  in  the  bottom  of  the  enclosure  for  a  long  time. 
Thus,  carbon  dioxide  may  lie  in  the  bottom  of  a  covered  pit 
or  in  a  deep  well,  because  the  facilities  for  diffusion  are  too 
limited  to  insure  a  diffusion  of  the  gas  as  fast  as  it  is  generated. 

If  two  compound  gases  having  a  considerable  difference 
in  their  capacity  for  heat  arc  mixed  and  maintained  under 
pressure,  they  will  exhibit  a  strong  tendency  to  separate  in 
cooling.  Thus,  air  and  steam,  when  contained  in  pipes,  will 
separate  when  the  steam  falls  considerably  in  temperature. 
When  the  steam  condenses,  it  is  reduced  to  a  small  fraction 
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of  its  former  volume,  while  the  air  with  which  it  was  mixed 
remains  in  the  apparatus  and  occupies  almost  as  much  space 
as  when  it  entered.  The  diffusion  of  steam  in  a  mass  of  air 
that  is  confined  in  the  same  pipes  and  is  under  the  same 
pressure  as  the  steam  is  very  slow. 

2.  The  tendency  of  a  gas,  when  released  in  still  air,  is  to 
diffuse  equally  in  all  directions.  The  fact  that  it  is  heavier 
oi  lighter  than  an  equal  volume  of  air  does  not  prevent  or 
interfere  with  its  complete  and  uniform  diffusion.  Gravita- 
tion does  not  affect  diffusion  to  any  appreciable  extent.  A 
mixture  of  light  and  heavy  gases  will  always  remain  a  per- 
fect mixture,  and  will  never  separate  into  layers  according 
to  their  weights,  except  under  peculiar  and  artificial  condi- 
tions that  need  not  be  considered  here. 

Carbon  dioxide  obeys  the  same  law  of  diffusion  as  other 
gases;  that  is,  it  diffuses  uniformly  throughout  space  and 
does  not  ultimately  settle  down  and  form  a  heavy  stratum  at 
the  bottom  of  a  room.  When  carbon  dioxide  is  found  at  the 
bottom,  it  is  because  it  has  not  had  sufficient  time  to  diffuse 
properly.  There  is,  however,  a  great  difference  in  the  rate 
at  which  various  gases  will  diffuse.  Hydrogen  diffuses  in 
air  many  times  faster  than  carbon  dioxide.  The  vapor,  odors, 
and  organic  impurities  exhaled  from  the  body  also  require 
considerable  time  for  proper  dispersion. 

Diffusion,  strictly  speaking,  is  merely  a  process  of  expan- 
sion. A  quantity  of  gas  liberated  in  a  room  has,  when  pure, 
an  absolute  pressure  equal  to  that  of  the  atmosphere;  but,  it 
expands  until  it  fills  the  entire  space  uniformly,  its  absolute 
pressure  falling  in  proportion.  The  diffusion  of  heavy  gases 
may  be  hastened  by  convection  or  mechanical  agitation,  and 
it  will  be  impeded  by  differences  in  temperature.  Diffusion 
proceeds  best  when  the  whole  body  of  air  is  at  a  uniform 
temperature. 

In  still  cold  air,  the  products  of  respiration,  being  warm, 
ascend  at  a  rate  slightly  greater  than  the  rate  of  diffusion; 
consequently,  there  is  sometimes  a  little  more  carbon  dioxide, 
etc.  to  be  found  near  the  ceiling  than  near  the  floor,  but,  as 
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a  rule,  it  is  uniformly'  distributed  throughout  the  space.  If 
there  is  a  strong  upward  current  of  air  from  floor  registers, 
gaslights,  etc.,  the  difference  between  the  proportion  of  car- 
bon dioxide  at  the  ceiling  and  at  the  floor  may  be  very  great* 
It  often  happens  in  such  cases  that  while  the  air  at  the 
breathing  level  is  reasonably  pure,  at  the  ceiling  it  is  fetid 
and  suffocating.  In  order  to  secure  good  ventilation,  this 
accumulation  of  bad  air  in  the  upper  part  of  the  room  must 
be  prevented, 

3.  The  atmosphere -of  rooms  may  be  changed  in  two 
ways:  (1)  by  the  diffusing,  or  mixing  of  the  gaseous 
products  of  respiration  with  the  purer  air  outside  of  the 
rooms;  {2)  by  actual  air-currents  that  serve  to  carry  the 
foul  air  to  the  outer  atmosphere.  Ordinarily,  ventilation 
is  accomplished  by  combined  diffusion  and  air-currents. 

To  grasp  thoroughly  the  meaning  of  the  word  diffusion, 
and  to  understand  clearly  its  relation  to 
the  ventilation  of  closed  rooms,  it  may 
he  well  to  consider  first  the  diffusion  of 
liqtiids. 

Take  a  jar  .4,  Fig.  1,  and  partly  fill  it 
with  water  that  has  been  colored  with  a 
solution  of  blue  litmus;  then  pour  in 
some  dilute  sulphuric  acid  through  the 
funnel-mouthed  tube  ^,  and  it  will  form 
a  layer  at  the  bottom  of  the  vessel, 
changing  the  color  of  the  solution  from 
blue  to  red.  The  red  stratum,  or  layer, 
will  be  observed  to  slowly  increase  in 
depth  until  the  blue  color  has  dis- 
appeared entirely*  The  changing  of  the  color  is  due  to  the 
action  of  the  acid;  hut  the  slow  upward  progress  of  the  red 
stratum  is  due  to  the  diffusion  of  the  acid  in  the  water,  and 
the  changing  of  the  color  of  the  entire  contents  is  a  proof  of 
the  diffusion  of  the  acid  throughout  the  mass.  Sulphuric 
acid  is  nearly  twice  as  heavy  as  water,  and  if  it  did  not  mix 
with  the  water,  but  simply  remained  at  the  bottom  of  the 
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vessel,  like  so  miieh  sand,  there  would  be  no  difiEusiati,  and 
the  blue  water  above  the  acid  would  retain  its  color. 

4,     The  diffusion  of  gase^  is  analuguus  to  that  of  liquids* 
Suppose  that  in  two  closed  vessels  A  and  B,  Fig.  2,  there 

are  different  gases,  and  that  the 
stop-cocks  a  and  d  aVe  turned, 
thereby  opening  communication 
between  the  vessels;  it  will  be 
found  that  the  gases  begin  to 
mix,  or  diffttse,  no  matter  what 
their  densities  may  be.  The  mix- 
ing will  continue  until  the  com- 
position of  the  mixture  in  both 
vessels  is  the  same,  unless  chem- 
ical action  is  set  up. 

Suppose  that  B  is  filled  with 
carbon  dioxide  and  A  with  hydro- 
gen, and  that  the  cocks  a  and  d 
are  then  opened.  The  gas  in  /?, 
which  is  nearly  twenty-two  times 
heavier  than  the  gas  in  A,  will 
rise  against  the  action  of  gravity 
and  diffuse  with  the  hydrogen 
in  A,  and  hydrogen  will  likewise 
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descend    into  B   and   mix  with    the 

carbon  dioxide. 

5i  When  two  gases  are  separated 
by  a  porous  body  an  interchange 
takes  place  between  them,  the  com- 
position uf  the  gas  on  each  side  of 
the  porous  body  ultimately  becoming 
the  same.  The  rapidity  with  which 
various  gases  in  a  mixture  will  pass 
through  a  porous  body  will  vary  con- 
siderably, as  the  lighter  gases  pass 
through  the  pores  with  greater  rapidity  than  the  heavier 
gases.     For  example ^  fill  the  glass  jar  A,  Fig.  S,  with  carbon 
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dioxide;  tie  a  bladder  b  over  its  mouth,  as  shown,  and  then 
place  it  under  a  bell  jar  B  filled  with  hydrogen  gas  and  having 
its  mouth  sealed  in  mercury  contained  in  a  shallow  pan  C,  so 
as  to  make  it  air-tight.  DifiPusion  will  take  place  between  the 
gases  on  both  sides  of  the  bladder.  The  hydrogen  will  pass 
into  the  vessel  A  through  the  pores  of  the  bladder  more  rap- 
idly than  the  carbon  dioxide  can  pass  from  A  to  B.  This,  of 
course,  means  that  the  bladder  will  be  bulged  upwards  to 
compensate  for  the  increase  in  volume  of  the  contents  of  A. 
If  the  jar  B  is  filled  with  carbon  dioxide  and  the  jar  A  with 
hydrogen  gas,  the  action  will  be  reversed.  Hydrogen  gas 
will  flow  more  rapidly  from  the  inner  jar  than  the  carbon 
dioxide  will  flow  into  it,  and  the  bladder  will  be  distended 
inwards,  instead  of  outwards,  as  shown  in  the  figure. 

6.  From  the  three  experiments  given  in  Arts.  3,  4, 
and  5  are  obtained  three  valuable  lessons  pertaining  to 
the  ventilation  of  closed  spaces  by  diffusion  of  gases. 
Through  the  first  experiment  it  is  learned  that  gases,  or 
exhalations,  will  diffuse  with  the  air  in  a  room  and  tend 
to  form  a  mixture  having  a  uniform  composition  at  all  parts 
of  the  room. 

The  second  experiment  teaches  that  if  a  window  in  a  room 
is  open,  foul  air  or  respired  gases  are  removed  from  a  room 
by  diffusion  with  the  outer  atmosphere.  This  method  of  ven- 
tilating a  room  is  necessarily  slow;  the  rapidity  of  diffusion, 
however,  will  vary.  It  will  increase  with  an  increase  in  the 
contamination  of  air  in  the  room,  that  is  to  say,  the  venti- 
lating, or  diffusing,  influence  will  increase  with  the  vitiation 
of  the  air.  This  is  the  reason  that  the  continued  vitiation  of 
the  air  in  an  inhabited  room,  ventilated  only  by  diffusion 
through  open  windows  and  doors,  and  having  no  air-currents, 
will  soon  cause  the  atmosphere  of  the  room  to  reach  a  point 
where  the  rapidity  of  diffusion,  that  is,  the  quantity  of  foul 
air  passing  into  the  outer  atmosphere,  or  the  quantity  of 
fresh  air  entering  the  room  to  correspond  with  the  diffusion 
of  foul  air,  will  exactly  equal  the  vitiating  effect  of  the 
occupants  of  the  room. 
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The  third  experiment  teaches  that  gases  cannot  be  con- 
fined in  rooms  enclosed  by  the  ordinary  lath-and-plaster 
walls,  because  diffusion  takes  place  through  these  porous 
bodies;  and,  if  the  gases  separated  by  the  walls  are  different 
combinations  there  will  take  place  a  change  of  air  that  tends 
to  equalize  the  mixtures  both  outside  and  inside  of  the  room* 

7.  Fig.  4  shows  the  interior  of  two  rooms  separated  only 
by  a  lath-and-plaster  partition  of  the  ordinary  kind.  The 
room  to  the  left  is  occupied  by  a  person  prostrated  by  some 
infectious  disease »  and  the  room  to  the  right  is  occupied  by 
an  apparently  healthy  person.  The  air  in  the  left-hand  room 
becomes  vitiated  to  a  great  extent^  not  only  by  the  exhala- 
tions of  the  patient,  but  also  by  the  emanations  from  his 


body,  and  all  that  separates  this  air  from  the  air  in  the  right- 
hand  room  are  two  sheets  of  plaster»  each  of  which  is  about 
i  inch  thick.  Plaster  is  an  exceedingly  porous  material;  the 
gases  in  the  left-hand  room  will  diffuse  with  the  air  in  the 
right-hand  room,  and,  of  course,  a  part  of  the  air  in  the  right- 
hand  room  will  diffuse  with  that  in  the  left-hand  room, 

8*  Ventilation,  or  change  of  air,  by  diffusion,  is  at  the 
best  a  slow  process  of  changing  the  air  of  a  room  tinless  the 
openings  that  permit  of  diffusion  are  very  large.  The  most 
positive  and  most  effective  method  of  ventilating  a  room  is 
to  have  actual  air-currents,  due  to  fresh  air  entering  and  to 
foul  air  leaving  the  room.     By  reason  of  these  currents  an 
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actual  displacement  of  foul  air  by  fresh  air  is  obtained  and 
the  degree  of  vitiation  can  be  regulated  by  simply  regulating 
the  volume  of  air  entering  or  leaving  the  room. 


DISTRIBUTION    AND    CIRCULATION    OF    AIR 

9,  It  may  easily  happen  that  the  ventilation  of  a  room 
will  be  very  unsatisfactory,  notwithstanding  that  a  current 
of  fresh  air  of  sufficient  quantity  is  constantly  passing  into 
the  apartment,  with  a  corresponding  outflow  of  foul  air. 
Unless  the  incoming  air  is  introduced  in  a  proper  manner,  it 
may  pass  in  a  nearly  unbroken  current  from  the  inlet  to 
the  outlet  and  practically  fail  to  disturb  and  renew  the  main 
body  of  air  in  the  room. 

It  is  quite  as  necessary  to  secure  thorough  distribution 
and  diffusion  of  the  fresh  air  as  to  provide  an  inlet  and  out- 
let. Good  ventilation  requires  that  the  foul  air  shall  be  well 
mixed  and  diluted  with  pure  air;  but  whether  the  desired 
mixing  will  take  place  or  not  depends  mainly  on  the  care  and 
skill  employed  to  insure  the  conditions  necessary  for  proper 
diffusion.  Neglect  at  this  point  has  led  to  many  serious 
failures  in  ventilating  buildings. 

10.  If  warm  fresh  air  is  introduced  near  the  top  of  a 
room  it  will  lie  against  the  ceiling  in  a  body,  and  will  not 
diffuse  to  any  satisfactory  extent  in  the  colder  air  below.  To 
get  it  down  to  the  breathing  level,  it  must  be  driven  down 
by  force;  there  is  no  other  way.  If  the  air  is  introduced 
through  a  register  in  the  floor,  it  will  quickly  ascend  to  the 
ceiling  and  will  not  mix  freely  with  the  cooler  air  through 
which  it  passes.  The  tendency  of  ascending  currents  of  hot 
air  is  to  flow  in  well-defined  streaks,  the  separation  becoming 
more  marked  as  the  difference  in  temperature  increases.  The 
diffusion  may  be  greatly  improved  by  introducing  the  hot  air 
in  a  large  number  of  small  streams,  but  this  is  impracticable 
in  many  cases  on  account  of  the  expense  involved. 

The  smaller  the  difference  in  temperature  between  two 
bodies  of  air,  the  more  readily  will  the  one  diffuse  in  the 
other;  therefore,  it  is  always  advisable  to  introduce  the  fresh 
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warm  air  at  a  temperature  as  little  as  possible  above  the 
desired  constant  temperature  of  the  room.  It  is  not  practi- 
cable to  warm  a  room  satisfactorily  with  a  current  of  highly 
heated  air,  because  it  cannot  be  made  to  diffuse  uniformly, 
and  one  part  of  the  room  will  be  much  warmer  than  another. 

1 1 .  An  important  property  of  both  hot  and  cold  air-cur- 
rents that  is  of  great  importance  in  the  art  of  ventilation  is 
their  tendency  to  adhere  to  surfaces  along  which  they  happen 
to  be  moving.  For  instance,  if  a  current  flows  horizontally 
through  an  opening  at  the  level  of  the  floor,  it  will  keep 
close  to  the  floor  and  be  plainly  perceptible  a  long  distance 
away;  but  a  similar  current  issuing  from  an  opening  in  the 
wall  midway  between  the  floor  and  ceiling  would  be  quite 
imperceptible  at  only  a  few  feet  in  front  of  the  register.  In 
a  similar  manner,  a  current  of  cold  air  formed  by  the  cooling 
action  of  a  large  window  will,  in  many  cases,  descend  and 
creep  along  the  floor  almost  to  the  opposite  side  of  the  room 
before  it  diffuses,  making  it  very  uncomfortable  around  the 
feet  and  ankles  of  the  occupants.  In  this  way,  annoying  drafts 
may  occur  at  points  where  they  are  least  expected.  This 
matter  must  be  carefully  considered  in  locating  warm-air  reg- 
isters; otherwise,  diffusion  of  the  fresh  air  may  be  defeated. 
On  the  other  hand,  it  may  be  practicable,  under  some  circum- 
stances, to  utilize  this  property  of  air-currents  so  as  to  seciu-e 
the  delivery  of  air  to  points  quite  remote  from  the  register. 

Many  ventilating  projects  in  which  the  air  has  been  intro- 
duced through  numerous  openings  in  the  floor,  or  in  the 
risers  of  stepped  floors,  have  yielded  very  disagreeable  results 
because  this  matter  was  not  duly  considered. 

12.  If  there  is  a  large  window  in  the  room,  the  air  will 
tend  to  circulate  as  shown  in  Fig.  5.  Being  rapidly  cooled 
by  contact  with  the  glass,  it  will  flow  downwards  with  consid- 
erable velocity,  and  the  current  will  spread  out  on  the  floor, 
thus  forming  a  cold  stratum  at  a.  The  upward  currents  of 
air  in  other  parts  of  the  room,  to  compensate  for  the 
downward  current,  will  be  so  diffused  and  slow  as  to  be 
imperceptible.     Now,  if  hot  air  is  introduced  through  a  floor 
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register  at  ^,  or  a  wall  register  at  by  a  rapid  circulation  will 
be  set  up  in  the  direction  indicated  by  the  arrows,  and  the 
difference  in  temperature  between  the  upper  and  lower  parts 
of  the  room  will  be  increased.  The  same  result  will  follow  if 
a  radiator  or  stove  is  placed  at  e.  But  if  the  heater  or  hot-air 
register  is  located  at  d^  the  circulation  will  be  reversed  in 


Pio.  5 

direction.  The  air  that  is  cooled  by  the  window  w  will 
encounter  the  ascending  current  of  hot  air  and  will  be 
carried  upwards  with  it.  The  velocity  of  the  general  cir- 
culation will  then  be  much  slower  than  in  the  former  case, 
and  the  results  will  be  more  satisfactory. 


ACOUSTIC    EFFECTS    OF    AIK-CUKRENTS 

13,  It  is  a  matter  of  great  importance  in  all  public 
buildings,  such  as  churches,  theaters,  lecture  rooms,  etc., 
that  a  person  speaking  from  the  stage  or  platform  should 
be  distinctly  heard  at  any  point  on  the  floor  or  in  the 
galleries. 

The  transmission  of  sound  is  affected  to  a  considerable 
degree   by   currents    in    the    air,    and    by  variations    in    its 
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density,  or  temperature.  If  a  sound  projected  by  the 
speaker  encounters  an  air-current,  it  will  be  deflected  from 
its  original  course,  and  will  appear  to  the  hearer  to  be  some- 
what weaker  than  it  otherwise  would.  If  a  number  of  cur- 
rents are  encountered,  the  weakening  eflEect  will  be  very 
noticeable.  The  greatest  obstruction,  however,  is  caused 
by  inequalities  in  the  temperature  of  the  air  through  which 
the  sound  passes.  Sound  is  always  retarded  by  passing 
from  a  denser  medium  into  a  lighter  one,  and  from  a  lighter 
into  a  denser  medium.  When  an  audience  room  is  full  of 
streaks  of  warm  air,  either  ascending  or  descending,  the 
voice  of  the  speaker  will  be  so  retarded  in  passing  through 
them  successively  that  persons  in  the  more  remote  parts  of 
the  room  will  have  great  difficulty  in  hearing  plainly. 

It  is  well  known  that  there  is  a  great  diflEerence  in  the 
acoustic  properties  of  a  hall  when  empty  and  when  full  of 
people.  The  presence  of  the  audience  seems  to  weaken  and 
obstruct  the  sounds  made  by  the  speaker.  Part  of  this  effect 
is  due  to  the  rustling  and  other  slight  noises  made  by  the 
occupants,  but  the  greater  part  of  the  obstructive  effect  is 
caused  by  the  change  in  the  condition  of  the  air.  Instead 
of  its  being  of  a  nearly  uniform  density  throughout,  as  was 
the  case  when  the  room  was  empty,  it  becomes  diversified 
by  numerous  small  currents  of  moist,  warm  air,  one  of 
which  ascends  steadily  from  each  individual  in  the  assembly. 
These,  together  with  the  hot  currents  rising  from  floor 
registers,  gas  burners,  etc.,  make  the  air  so  uneven  in 
density  that  sound  travels  through  it  with  difficulty.  The 
practice  of  introducing  the  warm  air  through  large  open- 
ings in  the  vertical  front  of  the  stage,  or  through  large  floor 
registers  between  the  audience  and  the  speaker's  platform, 
is  for  these  reasons  a  bad  one,  and  should  be  carefully 
avoided. 

The  trouble  in  most  auditoriums  having  poor  acoustic 
properties  lies  in  the  improper  shape  given  to  the  room; 
but,  in  many  cases,  rooms  that  are  otherwise  well  designed 
and  constructed  are  completely  spoiled  for  speaking  pur- 
poses by  improper  ventilating  and  heating  arrangements. 
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NATURAL,  OB  GRAVITY,   8Y8TEH 


I 

I 
I 

I 


GENERAL    DESCRIPTION 

^Msm  There  are  maiiy  dtflferent  ways  of  ventilating  a  build- 
infi^i^li^t  '^  to  say,  of  removing  the  foul  air  and  repladnj^  it  with 
fresh  air.     Generally  speaking,  they  may  be  grouped  together 

and  classed  under  two  

main    heads,    namely,  fl  "^H^^ 

naturai,  or  gravity,  ven- 
iilaiiopi  and  ariififiai 
vfftiiieiiwn.  The  first- 
mentioned  class,  or 
natural  ventilation, 
is  that  in  v%'hich  the  foul 
air  is  removed  from 
the  building  by  natural 
means,  that  is  to  say, 
by  means  that  exist  in- 
dependent of  the  system 
of  ventilation,  and  in 
which  machinery,  or  any 
force  other  than  that 
of  gravity,  is  not  em- 
ployed, la  all  systems 
of  ventilation,  force  is 
required  to  move  the 
air  in  the  flues  or  ducts, 
and  so  long  as  the  force 
is  not  applied  by  living 
beings,  or  by  apparatus 
prepared  by  them  for 
the  purpose  of  generating  the  force,  the  system  will  be  one 
of  natural  ventilation, 

15*  In  natural,  as  well  as  tn  artificial,  ventilation,  the 
movement  of  the  air  depends  on  pressure.  Air  and  all 
fluids  will  flow  from  places  of  high  pressure  to  those  of  low 
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pressure,  the  constant  tendency  of  gases  and  liquids  being 
to  form  an  equilibrium  of  pressures. 

In  order  to  illustrate  the  movement  of  the  air  and  thereby 
be  better  enabled  to  grasp  the  theory  of  ventilation,  refer- 
ence may  be  had  to  Fig.  6.  Suppose  the  bent  tube  acb  to 
be  filled  with  air  and  to  have  its  ends  open  to  the  atmos- 
phere. Before  the  air  can  be  made  to  flow  out  of  the  tube, 
there  must  be  a  difference  in  pressure,  or  more  properly 
speaking,  a  difference  in  density  between  the  air  in  a  and  b. 
When  the  mean  density  of  the  air  in  a  is  precisely  equal  to 
that  of  the  air  in  b,  there  will  be  no  flow  of  air  through  the 
tube,  because  the  pressure  at  the  base  of  a  is  exactly  equal 
to  that  at  the  base  of  b.  If,  however,  the  density  of  the  air 
in  one  of  the  columns  is  greater  than  that  of  the  air  in  the 
other,  the  pressure  at  the  base  of  the  denser  column  will  be 
correspondingly  greater  than  that  at  the  base  of  the  other, 
and,  hence,  there  will  be  a  flow  of  air  toward  the  space  of 
lower  pressure.  To  prove  that  there  will  be  a  difference  in 
pressure  due  to  a  difference  in  density,  apply  heat  to  the 
column  a  by  heating  the  water  e  surrounding  it,  and  place 
an  air-tight  top  d  over  b.  As  the  air  in  a  receives  heat  from 
the  hot  water,  it  expands,  and  some  of  it  will  be  pushed  out 
of  the  mouth  of  a  to  allow  for  the  expansion.  Since  some  of 
the  air  in  a  is  pushed  out  of  the  tube  and  thus  lost  as  regards 
its  relation  to  the  air  column  in  a,  it  is  evident  that  the  air 
remaining  in  a  is  not  as  heavy  as  it  was  before  part  of  it  was 
expelled — the  part  must  weigh  less  than  the  whole.  The 
atmospheric  pressure  at  the  orifice  of  either  of  the  tubes  is 
equal  to  that  at  the  other,  because  they  are  in  the  same 
atmosphere  and  on  a  level  with  one  another.  If  the  weight 
of  the  atmosphere  at  the  mouth  of  the  tubes  is  neglected, 
the  pressure  at  the  base  of  a  will  simply  equal  that  due  to  the 
weight  of  the  air  in  a,  while  the  pressure  at  the  base  of  b 
will  equal  that  due  to  the  weight  of  the  air  in  b.  But,  the 
air  in  a  is  lighter  than  that  in  b\  so  it  follows  that  the  pres- 
sure at  the  base  of  a  is  less  than  that  at  the  base  of  b.  If 
the  ccjual  pressures  on  the  tube  orifices  are  added  to  these 
unequal  pressures,  the  sums  of  the  pressures  will  still  be 
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unequaL  To  compute  the  difference  in  pressure,  that  is  to 
say,  the  force  that  impels  a  flow  of  air  through  the  tubes, 
assume  that  the  tubes  are  50  feet  hijjh  and  1  square  foot  in 
sectional  area;  that  the  temperature  of  the  air  in  b  is  62°  F., 
and  the  mean  temperature  of  the  air  in  a  is  180°  F.  It  is 
evident  that  a  and  b  each  contain  50  X  1  =  50  cubic  feet  of 
air,  and  the  only  difference  between  them  is  that  the  air  in  b 
is  more  dense  than  that  in  a,  and  consequently  is  heavier. 
Since  air  expands  about  t^o  of  its  volume  at  0°  with  every 

degree  rise  in  temperature,  it  follows  that  50  X  "7^yr^^<r 

=  61.3  cubic  feet  is  the  volume  at  180°,  and  the  amount 
of  expansion,  that  is  to  say,  the  amount  of  air  at  a  tem- 
perature of  180°  that  is  forced  from  the  tube  is  61.3  —  50 
=  11.3  cubic  feet. 

A  cubic  foot  of  air  at  180°  weighs  .06208  pound;  conse- 
quently, the  weight  of  11.3  cubic  feet  is  .06208x11.3 
=  .7  pound,  nearly;  this  is  the  difference  between  the 
weights  of  the  columns  a  and  b,  and  is  the  force  that  causes 
the  rarefied  air  in  d;  to  flow  upwards. 

16.  To  find  the  pressure,  in  inches,  of  water  column,  or, 

as  it  may  be  called,  the  motive  force  that  tends  to  cause  a  flow 

of  air  through  the  tube  in  Fig.  6,  the  pressure,  in  pounds  per 

7 
square  foot,  is  divided  by  5.2;  thus,  -'  -  =  .135  inch,  nearly. 

This  is  an  exceedingly  low  pressure,  but  it  is  sufficient  to 
cause  the  air  to  flow  through  the  tube  with  a  remarkably 
high  velocity  if  the  tube  is  straight  and  smooth  inside. 

Since  the  motive  force  in  natural  ventilation  is  exceedingly 
low,  it  is  usually  found  that  buildings  warmed  by  this  method 
are  very  liable  to  back  drafts,  or  blow-downs;  in  other  words, 
to  a  reversal  of  the  direction  of  the  natural  air-currents. 

17.  With  the  natural,  or  gravity,  system  of  ventilation, 
special  arrangements  are  seldom  employed  for  exhausting 
the  foul  air  from  the  rooms.  The  fresh  air  enters  at  the 
registers  by  virtue  of  a  small  excess  of  pressure  above  that 
of  the  atmosphere.     In  the  better  class  of  dwellings,  special 
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flues  by  which  the  foul  air  may  pass  out  are  provided;  but, 
in  the  majority  of  cases,  the  foul  air  escapes  only  through 
incidental  outlets,  such  as  openings  around  the  window 
casings,  loosely  fitting  window  sashes,  cracks  in  the  plaster- 
ing and  walls,  through  transoms,  under  doors,  etc. 

18.  The  problem  of  ventilation  by  the  gravity  system  is 
always  combined  with  the  question  of  heating.  The  air 
is  moved  solely  by  heat,  which  is  applied  before  the  air  enters 
the  room,  or  immediately  afterwards.  In  what  is  known  as 
the  aspiration  system,  the  fresh  air  may  be  unwarmed, 
and  the  heat  for  moving  it  may  be  applied  after  it  has  left 
the  room  and  entered  the  foul-air  flues. 

With  the  natural,  or  gravity,  system  of  ventilation,  the 
amount  of  fresh  air  that  enters  the  room  depends  on  its 
temperature  and  on  the  rate  at  which  heat  is  lost  by  the  cool- 
ing effect  of  walls,  windows,  etc.  Usually  the  main  object  is 
to  maintain  a  certain  temperature  in  the  apartment,  the  fresh 
air  being  regarded  principally  as  a  carrier  of  heat.  If  the  cool- 
ing process  goes  on  slowly,  the  quantity  of  hot  air  admitted 
must  be  reduced,  regardless  of  the  needs  of  ventilation. 
Thus,  the  gravity  system  operates  to  provide  the  greatest 
supply  of  fresh  air  in  very  cold,  windy  weather,  and  the 
least  in  moderate,  still,  and  humid  weather — just  the  reverse 
of  what  ought  to  be  the  case.  This  evil  may  be  remedied 
by  lowering  the  temperature  to  such  a  point  that  the  whole 
volume  of  air  required  for  ventilation  may  be.  introduced 
without  carrying  any  more  heat  than  is  needed  to  supply  the 
regular  loss.  To  do  this  will  require,  in  many  cases,  a  large 
volume  of  air  at  a  very  moderate  temperature,  but  it  is  imprac- 
ticable to  accomplish  this  with  ordinary  forms  of  heating 
apparatus,  because  they  do  not  contain  the  requisite  area  of 
heating  surface.  It  is  much  easier  to  heat  a  smaller  volume 
of  air  to  a  high  temperature;  the  desired  volume  and  tem- 
perature may  then  be  obtained  by  mixing  it  with  cold  air  in 
proper  proportions.  The  only  way  by  which  satisfactory  ven- 
tilation can  be  secured  in  the  natural-draft,  or  gravity,  system 
is  by  employing  this  method  of  mixing.     The  volume  of  the 
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air  supply  can  then  be  kept  nearly  oniforcc.  while  the  heat 
can  be  varied  as  mnch  as  desired. 

19.  The  most  conspicuous  and  serious  defect  of  the 
natural  ventilation  system  is  its  weakness  or  lack  of  motive 
force  during:  niOd  weather.  If  the  volume  of  air  is  main- 
tained at  a  proper  standard,  the  requisite  temperature  will 
differ  so  little  from  that  of  the  outer  atmosphere  that  the 
draft  will  be  very  weak — usually  too  weak  to  operate  well. 
If  the  mixing:  method  is  not  employed,  then  either  the 
heating  will  be  carried  too  far,  or  the  ventilation  will  be 
seriously  deficient. 

The  need  of  a  mixing  valve  arises  mainly  from  the 
difficulty  of  regulating  the  heat  emitted  by  steam  and  hot- 
air  apparatus.  Where  hot  water  is  used,  or  the  vacuum 
system  of  steam  heating,  the  heat  is  under  perfect  control, 
and  in  such  cases  mixing  valves  are  not  as  necessary. 


INFLCEXCE    OF    WIND    ON    VENTILATION 

20.  Wind  is  a  large  atmospheric  current  of  air  moving 
toward  an  area  of  low  pressure.  In  ordinary  winds  of 
moderate  velocity,  the  movement  is  equal  from  all  points  of 
the  compass  toward  the  locality  in  which  the  pressure  is 
below  the  normal.  Thus,  the  wind  may  be  blowing  from  the 
east  at  a  certain  point,  while  at  another  point  it  will  be  blow- 
ing just  as  steadily  from  the  west.  The  area  of  low  pressure 
does  not  usually  remain  stationary;  it  is  apt  to  shift  from  one 
locality  to  another.  In  the  winter  season,  this  shifting 
movement  is  usually  slow,  from  20  to  50  miles  per  day,  but 
in  summer  the  movement  is  frequently  much  more  rapid. 
The  area  of  low  pressure  is  really  the  center  of  a  storm, 
which  may  vary  in  force  from  a  gentle  breeze  to  a  heavy 
gale.  As  this  center  passes  by  any  certain  point,  the 
direction  of  the  wind  at  that  point  will  change,  because 
the  movement  of  the  air  will  always  be  toward  the  storm 
center.  Thus,  the  wind  may  blow  from  the  east  in  the 
morning,  and  from  the  opposite  quarter  in  the  afternoon  of 
the  same  day. 
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21,  The  mechanical  effects  of  the  wind  that  are  of  interest 
in  the  heating  and  ventilation  of  buildings  are:  (1)  The 
increase  of  the  atmospheric  pressure  on  the  windward  side  of 
buildings,  and  the  corresponding  decrease  of  pressure  on  the 
opposite  side.  (2)  The  increase  of  the  draft  of  cbimneys 
and  flues,  (3)  The  reversal  of  currents, called  blow-tlowiis. 
(4)  The  formation  of  eddies  and  whirls  that  deposit  dust  and 
snow  in  undesirable  places,  (5)  The  increase  of  evaporation 
and  the  consequent  drying  and  cooling  effects. 


22.  The  pressure  of  the  wind  is  often  employed  in  forcing 
the  air  to  move  through  a  ventilating  apparatus;  buti  since 
the  pressure  varies,  being  greatest  when  the  wind  blows 
strongly^  the  movement  of  the  air  wiU  not  be  constant. 
Buildings  that  depend  to  a  great  extent  on  the  wind  pres- 
sure  for  ventilation  are   usually  too   well  ventilated  when 

the  wind  blowu  strongly, 
and  are  not  ventilated 
enough  when  there  is  no 
wind. 

Fig.  7  shows  diagram- 
matically  how  air  may 
be  moved  by  win<l  pres- 
sure. The  wind  blows, 
as  shown  by  rhe  arrows* 
into  the  funnel  mouth  a 
of  the  inlet  tube,  which, 
of  course,  must  face  Ihe 
wind.  This  forms  a 
plenum  in  the  inlet 
tube,  or,  in  other  words,  the  pressure  in  the  inlet  tul>e  is 
greater  than  that  of  the  atmosphere*  The  mouth  b  of  the 
outlet  tube  is  also  funnel-shaped,  because  this  shape  tends 
to  form  a  partial  vacuum  at  the  orifice  when  the  wind 
blows  strongly  in  the  direction  of  the  arrows.  There  is, 
therefore,  in  the  same  apparatus  a  plenum,  or  space  of 
high  pressure  at  a,  and  a  vacuum,  or  sp^-^ce  of  low  pres- 
sure, at  A,  and  the  air  will    flow  from  a  to  b  through  the 


Fit;.  7 
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box  c,  as  shown  by  the  arrows;  the  air  in  the  box  is  thus 
rapidly  renewed. 

The  velocity  with  which  the  air  will  flow  through  the  appa- 
ratus will  depend  entirely  on  the  ditTerence  between  the  pres- 
sures at  a  and  i>,  and  the  resistance  offered  to  its  moveinent 
by  friction,  change  of  direction,  etc.  Should  the  wind  cease 
to  bIow»  the  circulation  of  air  throughout  the  system  will 
simply  be  that  due  to  a  difference  in  temperature  between  the 
inlet  and  outlet  columns,  as  explained  in  reference  to  Fig.  6. 

23.  The  effect  of  wind  blowing  on  a  buildinj^j  is  to  form 
an  area  of  high  pressure  on  the  windward  side^  and  an  area  of 
low  pressure  on  the  leeward  side,  and  when  this  condition 
existSi  the  wind  has  a  tendency  to  blow  througfh  the  building, 
independent  of  ventilating  flues  and  shafts.  It  will  flow  into 
the  building  through  crevices  around  windows*  doors,  etc.. 


and  will  even,  to  a  certain  extent*  pass  through  the  pores  of 
the  wall  itself.  This  will  form  a  plenum  in  the  rooms,  some- 
times to  an  extent  sufficient  to  cause  a  reversal  of  the  air- 
currents  in  the  inlet  flues. 

An  illustration  of  this  is  shown  in  Fig.  8.  The  room  to 
the  left  is  furnished  with  an  indirect  radiator  a  suspended 
from  the  floor  joists,  and  an  open  fireplace  b.  When  the 
air-currents  are  flowing  in  their  natural  direction,  the  cold-air 
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duct  c  will  be  the  fresh-air  inlet  and  the  chimney  flue  the 
foul-air  outlet;  the  path  of  the  currents  will  be  about  as  indi- 
cated by  the  arrows. 

When  the  wind  blows  strongly  against  the  wall  to  the 
right,  an  area  of  high  pressure  will  be  formed  at  A  and  an 
area  of  low  pressure  at  B.  The  pressure  in  the  right-hand 
room  will  be  increased  slightly  above  that  of  the  atmosphere, 
if  the  door  e  is  tightly  shut  and  the  room  otherwise  closed. 
The  pressure  at  B  is  below  that  of  the  atmosphere;  in 
order  that  air  may  flow  from  B  into  the  left-hand  room,  the 
pressure  in  the  room  must  be  lower  still.  This  may  be 
accomplished  if  there  is  a  strong  draft  in  the  chimney  flue. 
If  such  a  draft  is  obtained,  and  the  pressure  in  this  room 
thereby  sufficiently  decreased  to  cause  air  to  enter  from  the 
low-pressure  area  B,  it  is  evident  that  there  must  be  a  con- 
siderable difference  between  the  pressure  of  the  air  in  the  two 
rooms.  If  the  door  e  is  opened,  air  will  flow  from  the  right- 
hand  to  the  left-hand  room,  and  will  thus  equalize  the 
pressure  throughout  the  space.  This,  in  fact,  will  cause  the 
pressure  in  the  left-hand  room  to  rise  higher  than  that  at  B, 
and  consequently  the  air  in  the  room  will  simply  flow  into 
the  area  of  lower  pressure  through  window  crevices  and  the 
cold-air  duct  to  the  indirect  radiator  a,  provided  that  the 
difference  in  pressure  is  enough  to  counteract  the  buoyancy  of 
the  hot-air  column  in  a.  This  reversal  of  currents  in  the  inlet 
duct  will  be  most  likely  to  occur  if  the  fireplace  b  is  closed 
or  the  window  in  the  exposed  wall  is  opened  or  is  very 
loosely   fitted. 

24.  If  the  ventilation  of  the  building  alone  is  to  be 
considered,  any  blow-backs  in  the  inlet  ducts  is  a  matter  of 
very  little  importance,  because  the  chief  object  to  be  attained 
is  the  removal  of  air  from  the  building  and  the  replacing  of 
it  with  fresh  air,  without  causing  drafts.  When,  however, 
the  heating  of  the  building  is  a  factor  for  consideration,  and 
particularly  when  the  fresh  air  supplied  to  the  building  must 
be  heated  before  its  entry,  the  reversal  of  currents  in  the 
inlet  ducts  becomes  a  very  serious  matter,  because  the  hot, 
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fresh  air  is  then  forced  tp  the  outer  atmosphere  and  cold  air 
flows  into  the  building  instead.  This  is  precisely  what  will 
happen  in  the  case  illustrated  in  Figf.  8  when  the  indirect 
radiator  a  is  in  use  and  the  conditions  are  as  stated. 


WIND    PRESSURE 

25.  The  pressure  of  the  wind  on  flat  surfaces  at  right 
angles  to  the  current,  at  velocities  ranging  from  2  to 
100  miles  per  hour,  is  given  in  the  following  table: 

TABI^E   I 
PRESSURE    OF    WIND    ON    FLAT    SURFACES 


Velocity 

Pressure 

per  Square 

Pnnt 

Character  of  Wind 

Miles  per 

Feet  per 

JC  Wl, 

Hour 

Minute 

Pounds 

2 

176 

.030 

Perceptible  breeze 

3 

264 

.055 

Perceptible  breeze 

4 

352 

.085 

Perceptible  breeze 

•5 

440 

.133 

Perceptible  breeze 

7 

616 

.245 

Perceptible  breeze 

10 

880 

.523 

Gentle  breeze 

15 

1,320 

1. 150 

Light  wind 

20 

1,760 

2.000 

Light  wind 

25 

2,200 

3-i6o 

Strong  wind 

'    30 

2,640 

4.500 

Strong  wind 

35 

3,080 

6.100 

High  wind 

40 

3,520 

7.500 

High  wind 

45 

3.960 

10.125 

Gale 

50 

4,400 

12.500 

Gale 

6o 

5,280 

18.000 

Strong  gale 

70 

6,160 

24.500 

Violent  gale 

8o 

7,040 

30.200 

Violent  gale 

90 

7,920 

41.000 

Hurricane 

100 

8,800 

50.000 

Tornado 
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The  pressure  exerted  by  the  wind,  per  square  foot  of 
projected  area»  is  greatly  modified  by  the  shape  of  Uie 
surface.  Thus,  the  pressure  on  a  sphere,  a  hemisphere  with 
its  convex  side  toward  the  wind,  or  a  cylinder,  is  about  oiie* 
half  of  that  on  a  flat  surface  of  equal  projected  area. 


POSITION    OF    IKI.ET8    AND    OUTI.ETS 

36*  In  order  to  properly  ventilate  a  room,  the  fresh  air 
should  be  admitted  at  such  points  and  in  such  a  manner  that 
it  will  travel  uncontaniinated  from  the  inlet  orifices  to  those 
who  are  to  inhale  it* 

To  ascertain  the  point  or  points  of  inlet,  the  direction 
in  which   the   exhalations    £rom    the    lungs   have  a  natural 

tendency  to  travel  must  first 
be  considered,  so  that  the  inlet 
may  be  arranged  to  supply 
fresh  air  from  the  opposite 
direction.  Suppose  that  two 
lig^hted  candles,  a,  b.  Fig.  9, 
are  placed  inside  an  air-ti^ht 
glass  vessel;  then  consider 
what  occurs.  The  carbon 
dioxide  jiiven  oflE  by  the  flames 
diffuses  with  that  part  of  the 
air  surrounding  them,  and, 
owing  to  the  rarefication  of 
this  mixture,  due  to  its  high 
temperature  I  it  will  rise  to  the 
upper  part  of  the  vessel  and 
wil!  remain  there  as  long  as  its 
^'®* '  temperature    is    much   greater 

than  that  of  the  air  below  it-  The  products  of  combustion 
from  the  flames  will  continue  to  ascend,  and  the  stratum 
formed  by  them  at  the  top  of  the  vessel  will  become  deeper, 
When  it  is  deep  enough  to  reach  the  candle  b,  the  flame  j 
thus  engulfed  in  the  descending  stratum  of  carbon  dioxide 
will  be  extinguished.     The  candle  a  now  bums  alone  and 
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increases  the  depth  of  the  stratum  until  engulfed  by  it,  when 
its  flame  will  also  be  extinguished. 

By  this  simple  experiment  it  is  seen  that  the  impure  air 
rises  to  the  top  and  the  pure  air  falls  to  the  bottom,  while 
the  candles  are  burning.  This  is  due  simply  to  the  fact  that 
the  temperature  of  the  products  of  combustion  is  so  high 
that  the  density  of  the  gases  is  less  than  that  of  the  colder 
air  in  the  jar;  consequently,  the  products  rise  to  the  top. 
Suppose  that  the  jar  and  its  contents  cool,  or,  in  other 
words,  reach  a  uniform  temperature  throughout.  The  gases 
within  the  jar  will  diffuse  and  saturate  one  another;  then, 
the  surplus,  or  those  volumes  that  cannot  be  thus  held  by 
diffusion,  will  form  into  strata  according  to  their  densities, 
the  most  dense  collecting  on  the  bottom  and  the  least  dense 
on  top.  It  will  clearly  be  seen,  that  in  order  to  properly 
carry  off  the  products  of  combustion  from  the  burning 
candles,  an  outlet  should  be  formed  in  the  top  of  the  vessel; 
and  that  to  permit  fresh  air  to  enter  and  take  the  place  of 
the  vitiated  air  passing  out  through  the  top,  an  opening 
should  be  made  at  the  bottom  of  the  vessel. 

27.  The  principle  explained  in  Art.  26  holds  good  in 
ventilating  rooms,  auditoriums,  etc.,  when  the  density  of  the 
exhalations  is  less  than  that  of  the  air  surrounding  the  occu- 
pants. It  is  thought  by  many  that  air  exhaled  from  the 
lungs  is  entirely  composed  of  carbon  dioxide,  but  the 
quantity  of  carbon  dioxide  in  exhaled  air  is  very  small  com- 
pared with  the  volume  of  nitrogen  present;  and,  since  nitro- 
gen is  lighter  than  air,  it  will  easily  be  seen  that  the  weight 
of  exhaled  air  must  be  nearly  the  same  as  the  weight  of 
fresh  air  having  the  same  temperature.  Whether  the  density 
of  the  exhalations  is  greater  or  less  will  depend  on  the  tem- 
perature of  the  air.  The  temperature  of  exhaled  air  is  about 
96°  F.  as  it  enters  the  room,  and  if  the  temperature  of  the 
air  around  the  person  is  70°  or  less,  the  density  of  the  exha- 
lations will  be  less  than  that  of  the  air;  consequently,  they 
will  rise.  Tests  have  demonstrated  the  fact  that  the  point 
of  maximum  vitiation  in  rooms  occupied  by  human  beings, 

66—32 
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and  particularly  those  in  which  g^as  flames  are  bumingp  is 
near  the  ceilingf.  This  is  made  more  evident  ii  the  air  in 
the  room  is  not  agitated. 

From  this,  it  seems  reasonable  to  infer  that  for  the  proper 
ventilation  of  crowded  rooms  the  outlet  for  the  warm  vitiated 
air  should  be  near  the  ceilings,  and  the  Mets  for  the  fresh  air 
should  be  in  or  near  the  floors,  so  that  the  exhalations  may 
have  a  direct  and  natural  flow  to  the  outlet  or  vent  flues,  as 
shown  at  A,  Fi£*  10,  which  shows  the  interior  of  a  room 
occupied  by  two  persons*  It  shows  how^  by  having  numer- 
ous  inlets  m,a,  etc,  and  an  outlet  ^,  a  direct  current  flowing 


Fta.  10 

with  low  velocity  toward  the  outlet  will  carry  off  the  exhaled 
air  c,€  and  prevent  it  from  mixing  with  the  air  in  the  lower 
part  of  the  room.  If  the  air  is  allowed  to  enter  at  a  tern* 
perature  much  higher  than  about  75^  or  80°,  i;t  will  imme- 
diately ascend  to  the  ceiling  and  displace  the  foul  air,  which 
will  fall  by  gravaty  toward  the  floor,  and  the  fresh  warm  air 
will  then  flow  out  of  the  vent  flue  almost  un  con  laminated. 
The  air  inlets  must  be  numerous,  and  should,  if  possible, 
be  equally  distributed  throughout  the  room.  The  velocity 
of  inflow  should  be  not  more  than  4  feet  a  second,  so  that 
drafts  may  be  avoided,  and  the  lemperature  of  the  warm  air 
entering  the  room  should  be  less  than  that  of  the  breath. 

28*     A  system  of  bottom  inlets  and  top  outlets  is  neces- 
sarily expensive,  not  only  in  the  first  cost,  owing  to  the 
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many  inlets,  but  also  because  of  the  large  amount  of  fuel 
required  during  cold  weather  to  compensate  for  the  quantity 
of  heat  that  passes  out  through  the  vent  flues  with  the 
vitiated  air  and  is  lost.  To  overcome  this  difficulty,  the 
system  of  bottom  outlet  and  top  inlet  shown  at  B,  Fig.  10, 
was  devised.  By  this  method,  hot  air  enters  the  room 
through  a  and  simply  chums  the  air  around  as  shown, 
thereby  mixing  together  the  fresh  and  foul  air,  and  thus 
diluting  the  impurities  to  a  degree  suitable  for  healthful 
respiration.  It  will  be  observed  that  by  this  method  the 
temperature  of  the  air  as  it  leaves  the  room  is  low,  because 
the  air  is  taken  from  the  floor,  which  is  the  coldest  part  of 
the  room,  by  the  lower  vent  flue;  consequently,  a  saving  in 
fuel  is  effected.  This  method  is  commonly  used  in  the 
ventilation  of  schools,  etc.,  particularly  where  fans  are  used 
to  force  a  movement  of  the  air.  By  this  method  of  main- 
taining a  suitable  degree  of  purity,  an  enormous  quantity 
of  pure  air  is  lost  by  passing  out  of  the  vent  shaft  with  the 
exhalations.  In  fact,  the  foul  air  passing  out  through  the 
vent  shaft  is  practically  as  pure  as  that  in  the  room. 


VENTILATION    WITH    DIRECT    RADIATION 

29.  Good  ventilation  is  not  practicable  in  a  room  heated 
by  a  direct  radiator  or  common  stove,  unless  additions  be 
made  that  virtually  change  the  method  of  heating  from  the 
direct  to  the  direct-indirect  system. 

In  order  to  secure  even  a  tolerable  degree  of  ventilation, 
a  definite  outlet  must  be  made  for  the  toul  air.  This  is  as 
necessary  as  a  special  inlet  for  cold  air.  To  secure  ventila- 
tion with  direct  radiation,  the  best  plan  is  to  provide  both  a 
positive  inlet  and  outlet,  and  to  supply  each  with  a  suitable 
damper.  If  the  room  does  not  possess  a  flue  that  can  be 
used  to  carry  off  the  foul  air,  one  must  be  provided  in  some 
way.  Usually  a  flue  of  tin  or  wood  can  be  run  up  alongside 
one  of  the  interior  walls,  through  the  floors,  and  into  the 
attic.  The  lower  ends  or  inlets  of  such  flues  should  epen 
within  a  foot  of  the  floor. 
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30.     A  practicable   method  of   modifying    ao    ordinary 
direct-heating  system  so  as  to  gel  a  fair  amount  of  ventila- 


Pio.  II 

tion,  is  shown  in  Pigfs.  11  and  12.     The  room  is  heated  by 
means  of  pipe  coils  running  along  the  outer  walls.    To  secure 

ventilation  J  the  coils  are 
enclosed  as  shown. 
Fresh  air  is  taken  in 
through  the  windows 
at  a,  and  after  passing 
along  over  the  hot 
radiator  pipes  r,  is  de- 
livered through  the  ver* 
tical  Hues,  as  b,  into  the 
upper  part  of  the  room 
/  >i^ %      ^^  ^^^  corners  b\  Fig,  12. 

>^^ .7^1      The  flues  b  should  be 

about  8  feet  high,  and 
should  be  located  in  the 
outer  comers  of  the  room,  as  indicated  in  Fig,  12.  The  foal- 
air  outlets  may  be  located  along  the  Inner  walls,  as  shown  at  c. 


Fig.  12 
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In  order  to  heat  the  room  before  it  is  used,  and  without 
admitting  any  fresh  air,  a  door  should  be  provided  in  the 
pipe  casing,  at  about  the  middle  of  its  length  and  at  the  level 
of  the  floor,  as  shown  at  e.  Fig  11,  This  door  being  opened 
and  the  window  closed,  a 
good  circulation  will  ensue 
and  hasten  the  warming 
process. 


31.  Ordinary  direct 
radiators  may  be  treated 
in  the  way  described  in 
Art.  30;  usually,  however» 
it  is  easier  to  cut  a  hole 
through  the  wall,  and  con- 
vert  them  into  indirect 
apparatus. 

Where  an  ordinary  stove 
is  used  for  heating,  the 
ventilation  may  be  pro- 
vided for  by  enclosing  the 
stove  in  a  jacket  of  sheet 
iron  or  sine,  and  connecting 
the  space  between  them 
with  a  fresh-air  duct  in  the 
floor,  practically  as  shown 
in  Fig,  13.  It  is  difficult 
to  arrange  a  mixing  valve 
in  this  case  that  would 
repay  one  for  the  expense  incurred 
be  controlled  by  regulating  the  fire 


The  temperature  must 
Of  course,  an  adequate 

and  properly  arranged  outlet  for  foul  air  must  be  provided,  as 

in  all  other  cases. 


I 
I 
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begttIjATIOn  of  air  supply 

32«  Mixing  valves  are  indispensable  to  the  success  of 
any  system  ol  ventilation,  except  where  hot  water  or  the 
vacuum  steam  system  may  be  used  for  heating;  otherwise » 
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there  is  no  practicable  way  of  regfulating  the  temperature 
and  at  the  same  time  securing:  an  unvarying:  amount  of 
fresh  air. 

Notwithstanding  the  fact  that  registers  having  louvers,  or 
valves,  that  can  be  opened  or  closed  for  controlling  the 
admission  of  air  to  rooms,  are  almost  universally  used  with 
indirect-heating  apparatus  of  all  kinds — steam,  hot  water,  and 
hot-air  furnaces — yet  they  are  radically  defective  in  a  most 
important  particular,  viz.,  that  they  do  not  permit  the  heat  to 
be  shut  off  without  shutting  off  the  supply  of  fresh  air  at  the 
same  time.  Mixing  valves,  on  the  contrary,  permit  the  heat 
to  be  varied  to  any  extent  desired  without  affecting  the 
volume  of  the  air  supply.  The  ordinary  type  of  register 
should  not  be  used  except  where  it  is  actually  necessary  to 
vary  the  volume  of  fresh  air  admitted,  or  to  entirely  shut  off 
the  air  supply. 

In  large  rooms  supplied  with  fresh  air  at  several  points,  it  is 
desirable  that  each  flue  should  be  provided  with  a  separate 
mixing  valve,  so  that  the  temperature  of  the  several  air- 
currents  may  be  varied  independently  when  required.  During 
the  prevalence  of  very  cold  or  windy  weather,  it  is  usually 
difficult  to  maintain  an  even  temperature  on  both  sides  of 
the  room;  but  if  the  apparatus  is  arranged  as  advised,  the 
difficulty  may  be  overcome  by  introducing  the  warm  air  at  a 
higher  temperature  on  the  exposed  side  than  on  the  other. 

In  hospitals,  it  is  usually  required  that  the  flues  be  so 
arranged  that  a  high  local  temperature  may  be  maintained  at 
any  one  of  the  beds,  without  regard  to  the  temperature  pre- 
vailing in  the  other  parts  of  the  ward. 

33.  Mixing  valves  are  constructed  in  a  great  variety  of 
ways  to  suit  different  situations,  but  the  principle  involved  is 
the  same  in  all.     Two  forms  are  shown  in  Figs.  14  and  15. 

Fig.  14  shows  the  mode  of  applying  a  mixing  valve  to  an 
ordinary  direct  radiator  or  heating:  coil.  The  coil  is  enclosed 
in  a  box  lined  with  metal,  extending  upwards  to  about  the 
level  of  the  window  sill.  The  box  is  divided  into  two  parts, 
the  inner  one  forming  a  channel  for  the  upward  passage  of 
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the  cold  air.  The  damper  a  is  hinged  to  the  partition  as 
shown,  and  is  balanced  by  a  weig^hted  handle  on  the  end  of 
its  spindle.  When  it  is  desired  to  heat  the  room  without 
introducing  fresh  air,  the  damper  is  turned  down  to  its 
lowest  position,  shutting  off  air  from  the  radiator,  and  the 
inflow  of  cold  air  is 
stopped  by  shutting 
down  the  hinged  cover  b. 
The  door  d  in  the  front 
of  the  box  is  next 
opened,  and  the  radiator 
then  operates  by  ordi- 
nary circulation  of  the 
air  in  the  room. 

The  importance  of  the 
improvement  in  venti- 
lation to  be  made  by 
using  these  devices  is 
not  understood  or  ap- 
preciated, either  by  the 
public,  which  is  vitally 
interested  in  the  matter, 
or  by  the  architects  and 
others  who  supply  heat- 
ing apparatus.  An 
eminent  sanitarian.  Dr. 
John  S.  Billings,  says  of 
mixing  valves:  **They  should  be  used  much  more  exten- 
sively than  is  at  present  the  case,  and  it  is  in  this  direction 
that  the  most  immediate  and  important  improvement  of  ven- 
tilation of  dwelling  houses,  in  this  climate,  can  be  effected.** 


Fig.  14 


34.  Fig.  15  shows  the  application  of  a  mixing  valve  to 
an  indirect  radiator.  The  radiator  is  enclosed  in  the  case  a, 
and  is  supplied  with  fresh  cold  air  by  the  duct  b.  Warm  air 
is  delivered  throup:h  d  into  the  flue,  as  shown  by  the  arrow. 
The  duct  b  is  connected  to  a^  by  a  by-pass  pipe  c,  and  the 
opening  is  controlled  by  a  valve  v  that  is  hinged  as  shown. 
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This  valve  permits  more  or  less  cold  air  to  pass  directly  into 
the  flue  without  passing  over  the  radiator.  The  flow  of  air 
througfh  the  radiator  box  a  is  checked  to  the  extent  that  air 
is  allowed  to  pass  up  the  pipe  c.  The  area  of  the  opening  of 
the  valve  v  usually  does  not  require  to  be  more  than  one- 
third  to  one-half  that  of  the  vertical  duct. 

The  mixing  valve  should  be  located  at  the  foot  of  the  ver- 
tical duct,  and  it  may  be  operated  from  any  floor  by  means 


Fig.  15 

of  suitable  connections.  These  are  usually  made  of  brass 
wire  and  chain,  brass  being  used  to  avoid  breakage  by  rusting. 
If  desired,  the  connections  may  pass  down  through  the  flue. 
All  mixing  valves  should  operate  to  change  the  propor- 
tions of  the  hot  and  cold  air,  without  affecting  the  volume  of 
the  currents  of  air  passing  into  the  rooms. 


CAPACITY    OF    IIOT-AIR    FLUES    AND    REGISTERS 

35.  size  of  Flues. — The  air-carrying  capacity  of  a 
natural-draft  flue  or  duct  is  controlled  by  the  temperature  of 
the  hot  air  and  the  height  of  the  flue,  in  the  same  manner  as  a 
chimney.     A  flue  that  extends  to  the  third  story  of  a  building 
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will  dischargee  more  air  per  minute  than  a  similar  flue  that 
discharges  at  the  second  or  first  floor.  This  is  because  the 
column  of  hot  air  extending  to  the  third  floor  is  higher 
than  the  others,  and  consequently  the  upward  pressure  is 
greater. 

In  practice,  the  flow  per  minute  will  be  considerably  less 
than  the  theoretical  amount,  because  of  the  frictional  resist- 
ance in  the  flues.     The  allowance  to  be  made  for  friction 

TABIiE  II 
FLOW    OF    AIR    IN    FLUES    UNDER    NATURAL    DRAFT 


Difference 
in  Tem- 
perature 
Degrees 

Fahrenheit 


10 

15 
20 

25 

30 

40 

50 

60 

70 

80 

90 

100 

125 

150 


Height  of  Flue  in  Feet 


108 
133 
153 
171 
188 
216 
242 
266 
288 
308 
326 
342 
384 
419 


15 

20 

30 

40 

50 

60 

80 

Discharge  in  Cubic  Feet  per  Minute 


133 
162 
188 
210 
230 
265 
297 
327 

354 
379 
401 
419 
470 
514 


153 

188 

217 

242 

264 

306 

188 

230 

265 

297 

325 

375 

217 

265 

306 

342 

373 

435 

242 

297 

342 

383 

420 

485 

265 

325 

375 

419 

461 

530 

305 

374 

431 

482 

529 

608 

342 

419 

484 

541 

594 

680 

376 

460 

532 

595 

650 

747 

407 

498 

576 

644 

703 

809 

435 

533 

616 

688 

751 

866 

460 

565 

652 

728 

795 

918 

484 

593 

684 

765 

835 

965 

541  '  664 

766 

857 

939:1,085 

593 

726 

838 

937 

1,028 

1,185 

342 

420 

485 
530 

594 
680 
768 
842 
910 
972 

1,029 

1 
1,080 

Il,2l6 

;  1,325 


varies  for  each  situation.  In  Table  II,  50  per  cent,  has  been 
deducted  from  the  theoretical  flow;  this  will  be  sufficient  for 
all  ordinary  circumstances.  It  should  be  borne  in  mind  that 
the  volume  of  flow  shown  in  the  table  cannot  be  attained 
unless   the  air  in  the  room  is  permitted  to  escape   freely 
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and  as  rapidly  as  the  fresh  warm  air  is  inclined  to  come  in. 
Table  II  gives  the  flow  of  air  in  cubic  feet  per  minute. 

The  difference  in  temperature  given  in  the  table  is  that 
existing  between  the  outer  atmosphere  and  the  average  of 
the  air  in  the  flue. 

36.  The  required  area  of  a  natural-draft  flue  is  found  by 
multiplying  the  number  of  persons  in  the  room  by  the  volume 
of  air  supplied  to  each  person  per  minute,  and  dividing  the 
product  by  the  flow  of  air  per  minute  corresponding  to 
the  temperature  difference  and  height  of  flue,  as  taken  from 
Table  II.  The  quotient  will  be  the  sectional  area,  in  square 
feet.  Thus,  suppose  that  it  is  required  to  find  the  sectional 
area  of  a  natural-draft  flue  50  feet  high  that  is  intended  to 
remove  the  vitiated  air  from  a  room  containing  26  persons, 
and  that  each  person  is  to  be  supplied  with  30  cubic 
feet  of  fresh  air  per  minute,  the  temperature  of  the  air  in  the 
flue  being  70°  F.  and  the  outdoor  lemperature  30°  F.  The 
temperature  difference  in  this  case  is  70  —  30  =  40°.  By 
consulting  Table  II  the  air  velocity  is  found  to  be  482  feet 

25  ^  30 

per  minute.     Then,  the  sectional  area  of  the  flue  is  — -^ — 

=  1.56  square  feet,  nearly. 

37.  Several  vertical  ducts  may  be  supplied  by  a  single 
horizontal  main  pipe  or  flue,  although  they  vary  in  height. 
The  flow  in  each  duct  may  be  regulated  by  partly  closing 
the  opening  at  its  foot. 

The  cooling  effect  of  the  surroundings  of  a  hot-air  duct 
should  always  be  taken  into  consideration  when  determining 
its  dimensions.  In  a  long  duct,  the  average  temperature  is 
likely  to  be  lower  than  in  a  short  one,  because  of  the  greater 
loss  of  heat.  The  reduction  of  the  average  temperature 
decreases  the  rate  of  flow,  and  the  dimensions  must  be 
modified   accordingly. 

Hot-air  pipes  are  commonly  made  of  bright  tin,  it  being 
supposed  that  the  bright  surface  of  the  metal  will  prevent  the 
escape  of  heat  to  a  considerable  degree.  The  retarding 
influence  of  the  bright  surface  is,  however,  quickly  spoiled 
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by  a  coating  of  fine  dust  that  is  deposited  on  it,  and  the  chief 
benefit  of  the  tin  coating  is  to  prevent  rust  and  to  preserve 
a  smooth  surface.  The  best  way  to  prevent  loss  of  heat  is 
to  cover  the  pipes  with  non-conducting  materials. 

38.  Size  of  Reg:isters. — Each  register  should  be  sup- 
plied by  an  independent  vertical  duct.  Sometimes  it  is  prac- 
ticable to  supply  two  or  more  registers  located  at  the  same 
level  by  means  of  one  duct,  but  generally  such  arrangements 

TABLE  III 
NET    AREA    OF    SQUARE    REGISTERS 


Size  of  Opening 

Net  Area 

Size  of  Opening 

Net  Area 

Inches 

Square  Inches 

Inches 

Square  Inches 

6X  10 

40 

14  X  22 

205 

8X  10 

53 

15X25 

250 

8X  12 

64 

16X24 

256 

8X  15 

80 

20  X  20 

267 

9X  12 

72 

20  X  24 

320 

9X  14 

84 

20  X  26 

347 

10  X  12 

80 

21  X  29 

406 

10  X  14 

93 

27  X  27 

486 

10  X  i6 

107 

27x38 

684 

12  X  15 

120 

30  X  30 

600 

12  X  19 

152 

are  liable  to  be  unsatisfactory.  It  is  difficult  and  usually 
impracticable  to  supply  registers  on  different  floors  from  a 
single  vertical  flue.  The  upper  registers  will  discharge  a 
large  proportion  of  air,  and  the  flow  from  the  lower  registers 
will  be  too  small  unless  some  means  is  employed  to  regulate 
the  flow. 

The  area  of  a  hot-air  register  should  be  sufficient  to  permit 
the  desired  quantity  of  air  to  pass  into  the  room  at  a  velocity 
not  exceeding  4  feet  per  second.  The  velocity  of  the  air  in 
the  flues  may  be  as  great  as  desired,  or  as  the  circumstances 
will  permit,  but  the  current  issuing  from  the  register  must  be 
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reduced  to,  or  less  than,  the  velocity  given.  This  may  be 
done  by  enlarging  the  flue  where  it  approaches  the  register. 
The  velocity  of  the  current  in  any  particular  part  of  the  flue 
will  then  be  inversely  proportional  to  the  area  of  the  flue  at 
that  point.  Thus,  if  the  air  in  a  flue  having  1  square  foot  of 
sectional  area  moves  with  a  velocity  of  8  feet  per  second,  its 
velocity  will  be  reduced  to  4  feet  per  second  in  any  part  of 
the  flue  where  the  area  is  increased  to  2  square  feet.  The 
enlargement  of  the  flue  at  the  register  box  should  be  made 
gradually,  and  with  rotind  corners,  if  practicable. 

TABLE  IV 
NET    AREA    OF    ROUND    REGISTERS 


Diameter  of 
Opening 

1 
Net  Area 

Diameter  of 
Opening 

Net  Area 

Inches 

Square  Inches 

Inches 

Square  Inches 

7 

29 

i8 

170 

8 

33 

20 

209 

9 

42 

24 

301 

10 

52 

30 

471 

12 

75 

36 

678 

M 

102 

48 

1,206 

i6 

134 

39.  Tables  III  and  IV  show  the  average  net  or  effective 
area  of  ordinary  square  and  round  registers,  and  are  calculated 
on  the  assumption  that  the  net  area  is  two-thirds  of  the  gross 
area.  

ASPIRATION  SYSTEM 


GENERA!^    DESCRIPTION 

40.  In  the  aspiration  system  of  ventilation,  all  the 
foul-air  flues  are  brought  together  and  connected  into  a 
single  large  chimney  or  shaft,  so  that  there  is  practically 
only  one  outlet.  There  are  in  vogue  three  methods  of 
arranging  the  flues  for  securing  an  outgoing  movement  of 
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the  vitiated  air:  (1)  To  carry  a  separate  flue  from  each 
room  to  the  attic,  where  the  flues  converge  into  a  few  large 
ones  and  finally  enter  the  base  of  the  aspirating  chamber  or 
shaft,  which  does  not  extend  through  the  lower  stories. 
(2)  To  carry  each  foul-air  flue  horizontally  and  connect  it 
directly  into  an  aspirating  shaft  that  extends  through  the 
entire  building.  (3)  To  carry  the  vent  flues  downwards 
into  the  basement,  and  connect  them  to  the  aspirating  shaft 
at  the  lowest  practicable  level. 

41.  In  the  first  and  third  methods,  the  number  of  flues 
increases  with  the  height  of  the  building,  being  most  numer- 
ous in  the  upper  story  in  the  former  case,  and  in  the  first 
story  in  the  latter  case.  In  high  buildings,  the  lower  walls 
must  have  considerable  thickness  to  secure  the  necessary 
strength,  and  the  presence  of  any  considerable  number  of 
flues  makes  it  necessary  to  increase  the  thickness  of  the 
walls.  In  many  cases,  this  increase  is  very  inconvenient 
and  objectionable.  On  the  contrary,  the  walls  in  the  upper 
stories  are  naturally  much  thinner,  and  the  thickening  neces- 
sary to  include  the  flues  is  unobjectionable. 

When  the  flues  are  carried  horizontally,  as  in  the  second 
method,  it  is  often  difficult  to  extend  them  across  corridors 
and  hallways  without  making  an  unsightly  construction,  the 
floor  girders  being  in  the  way. 

An  aspirating  chimney  that  extends  to  the  basement  is 
necessarily  much  more  expensive  than  one  that  begins  at 
the  attic.  An  attic  aspirating  chamber  may  be  built  of  wood 
and  lined  with  tin,  or  may  be  made  of  light  plate  iron;  but 
an  aspirating  shaft  running  from  the  basement  to  and 
through  the  roof  is  usually  built  of  brick.  The  space 
required  for-  a  brick  chimney  of-  this  kind  is  Qonsiderable, 
not  only  on  account  of  the  thickness  of  the  walls  required 
in  the  lower  stories,  but  also  because  the  sectional  area 
necessary  to  carry  the  foul  air  and  allow  for  frictional 
resistance  is  so  large. 

In  practice,  the  velocity  of  the  air  will  seldom  exceed  6  feet 
per  second,  and  the  area  of  the  shaft  should  be  calculated  on 
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that  basis.  In  cases  where  an  exhaust  fan  or  steam-jet 
exhauster  can  be  used,  the  estimate  of  velocity  may  be 
increased  to  8,  or  possibly  10,  feet  per  second. 

The  principal  advantage  possessed  by  the  third  method 
over  the  first  is  the  facility  that  it  affords  for  using  heaters 
at  the  base  of  the  stack  to  aid  the  draft.  A  part  of  the 
increase  in  draft  pressure  gained  in  that  way  is  expended 
in  overcoming  the  resistance  offered  by  the  foul  air  while 
descending  the  flues  to  the  basement;  consequently,  the  net 
gain  is  not  very  great. 

When  an  aspirating  fan  or  a  steam-jet  exhauster  is 
employed  to  increase  the  draft  instead  of  a  heater  of  some 
kind,  the  advantage  of  cost  and  convenience  is  largely  in 
favor  of  the  first  or  upward  method. 

42.  When  the  flues  must  be  grouped  in  the  attic,  with 
long  horizontal  runs,  aspirating  coils  are  necessary  in  order 
to  overcome  the  resistance  to  the  passage  of  air  through 
the  ducts. 

To  arrange  the  vent  flues  so  that  they  discharge  into  an 
open  attic  space  is  not  regarded  as  satisfactory,  because  such 
space  is  cold,  as  a  rule,  and  subject  to  the  effect  of  winds  to 
such  an  extent  as  to  interfere  seriously  with  the  ventilation 
of  the  building.  The  vent  flues  should  never  open  directly 
into  an  attic  or  roof  space,  unless  a  fan  is  provided  for  dis- 
charging the  vitiated  air  from  such  roof  space  into  the  outer 
atmosphere.  If  an  exhaust  fan  is  used,  the  switch  or  valves 
by  which  its  operation  is  controlled  should  be  located  in  some 
convenient  position  in  the  basement,  so  that  the  janitor  or 
engineer  in  charge  may  have  no  excuse  for  neglecting  the 
apparatus.  When  an  exhaust  fan  is  not  used,  the  foul-air 
ducts  should  discharge  into  an  aspirating  chimney  carried 
upwards  through  the  roof  and  properly  capped  to  prevent 
down  drafts  and  ingress  of  rain  and  snow.  In  some  cases, 
the  vent  ducts  are  gathered  together  in  the  attic,  where  they 
discharge  into  a  central  chamber  in  which  an  aspirating  coil 
is  arranged  to  create  the  draft  necessary  to  carry  the  vitiated 
air  to  the  outer  atmosphere.     The  controlling  valves  for  the 
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aspirating  coil  should  be  placed  in  the  basement,  to  which 
the  water  of  condensation  should  drain  freely. 

43.  The  draft  induced  by  an  aspirating  coil  depends  on 
the  difference  in  specific  gravity  that  its  use  creates  between 
the  outer  air  and  that  within  the  central  chamber.  Consider- 
ing the  fact  that  with  an  aspirating  coil  in  the  attic  the  heat 
is  applied  practically  at  the  top  of  the  vent  flue,  the  influence 
of  the  heat  in  increasing  the  difference  in  specific  gravity  or 
weight  between  the  exhaust  or  vitiated  air  inside  and  the  fresh 
air  outside  is  very  small;  so  much  so,  in  fact,  that  the  amount 
of  coal  burned  to  produce  the  heat  given  off  by  the  aspi- 
rating coil,  if  put  into  power  to  operate  an  exhaust  fan, 
would  do  many  times  more  work.  It  is  apparent,  then,  that 
the  heating  surface  used  in  aspirating  vent  flues  should  be 
placed  near  the  base  of  the  flue.  In  some  cases,  the  vent 
ducts  are  carried  downwards  to  the  basement,  where  they 
discharge  into  a  main  ventilating  flue,  at  the  base  of  which  is 
a  large  amount  of  heating  surface.  This  is  more  econom- 
ical than  having  the  aspirating  coil  in  the  attic. 

The  object  sought  in  the  use  of  a  central  aspirating  coil 
in  the  attic  in  combination  with  coils  in  the  wall  flues  is  to 
obviate  as  far  as  possible  the  retarding  effect  due  to  the 
chilling  of  the  vitiated  air  in  passing  through  the  flues.  It 
has  been  found,  in  practice,  that  there  is  a  considerable 
loss  of  heat  as  the  air  passes  to  the  main  outlet  in  the  attic 
through  the  galvanized-iron  ducts  gathered  into  it.  While 
there  is  a  positive  upward  movement  in  the  flues,  there  is  a 
considerable  retardation  to  the  flow  of  air  due  to  cooling,  so 
that  the  central  aspirating  chamber,  toward  which  the  flues 
pitch  upwards,  is  provided  to  lighten  or  expand  the  air,  crea- 
ting a  lessened  pressure  at  the  head  of  the  ducts  and  thereby 
insuring  a  more  positive  flow  of  air  therein. 

AUXILIARY    ASPIRATION    APPARATUS 

44.  During  cold  weather,  the  difference  in  temperature 
between  the  foul  air  and  the  outer  atmosphere  is  usually 
sufficient  to  create  a  satisfactory  draft  in  the  vent  shaft;  but 
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during  mild  weather,  the  temperature  difference  diminishes, 
and  in  summer  it  dwindles  to  almost  nothing,  on  some 
occasions  being  actually  reversed.  The  vent  shaft  thus 
becomes  impotent  and  inoperative  as  the  weather  becomes 
warmer,  and  auxiliary  apparatus  must  then  be  employed 
to  aid  in  maintaining  the  draft  required  in  order  to  secure 
proper  ventilation.  The  auxiliary  apparatus  employed  for 
this  purpose  consists  of  steam  coils,  stoves,  grates,  or  gas 
burners,  located  at  the  base  of  the  stack. 

45.  Steam  coils,  in  order  to  be  effective,  should  be 
placed  crosswise  of  the  foul-air  current,  and  the  pipes  should 
be  spaced  wide  apart,  so  as  to  impede  the  current  as  little  as 
possible.  The  requisite  number  can  be  used  by  placing  them 
in  several  tiers;  1  i-inch  pipes  should  be  spaced  not  less  than 
4  inches  apart  between  centers. 

If  the  coils  are  located  in  the  aspirating  stack,  they  should 
be  placed  horizontally,  about  as  shown  in  Fig.  16,  care  being 

taken  to  insure  perfect 
drainage.  It  is  poor 
practice  to  arrange 
steam  coils  vertically 
and  around  the  sides  of 
the  stack,  because  only  a 
small  part  of  the  air  will 
then  come  into  actual 
contact  with  them  and 
be  heated. 

The  coils  should  be 
placed  as  low  down  in 
the  stack  as  practicable, 
in  order  to  secure  the  greatest  available  height  for  the 
column  of  warm  air;  every  foul-air  inlet  should  enter  belov/, 
and  not  above  the  coils,  if  possible. 

46.  Common  stoves  and  basket  grates  are  very  ineffi- 
cient apparatus  for  a  vent  stack.  They  are  generally  set  up 
in  the  bottom  of  the  stack,  and  it  is  assumed  that,  because 
they  are  in  a  current  of  air,  they  will  have  plenty  of  draft. 
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This  is  a  mistake,  however,  the  pressure  of  the  air  being  prac- 
tically the  same  both  above  and  below  the  fire;  the  air  is  driven 
through  the  fuel  only  by  the  momentum  of  the  current.  The 
combustion  is  very  imperfect,  and  the  amount  of  heat  devel- 
oped is  much  less  than  in  a  similar  stove  having  a  good  draft. 
The  area  of  heating  surface  is  so  limited  that  only  a  small 
portion  of  the  airrcurrent  can  come  into  contact  with  it.  The 
hot  gases  of  combustion  ascend  a  long  distance  in  the  chimney 
before  they  give  up  their  surplus  heat  to  the  air  surrounding 
them.  Thus  the  actual  absorption  of  heat  is  so  tardy  that  the 
average  temperature  throughout  the  stack  is  likely  to  be  con- 
siderably less  than  if  an  equal  amount  of  heat  had  been  com- 
municated by  a  coil  at  the  bottom  of  the  aspirating  shaft.  If  a 
stove  or  grate  must  be  used  at  the  base  of  an  aspirating  stack, 
it  should  be  provided  with  a  smoke  pipe  extending  a  sufficient 

distance  upwards  within  the  stack  to  secure  a  good  draft. 

• 

47.  The  use  of  ordinary  gas  burners  to  aid  the  draft  in 
an  aspirating  flue  is  an  exceedingly  crude  and  wasteful  method 
of  applying  heat.  In  order  to  develop  the  maximum  amount 
of  heat,  the  gas  should  be  burned  in  a  Bunsen  burner  of  some 
kind,  and  to  apply  the  heat  effectively,  it  should  be  absorbed 
by  some  metallic  body  having  a  large  area  of  emitting  sur- 
face, and  thence  be  imparted  to  the  air  at  a  comparatively 
low  temperature. 

48.  When  it  is  desired  to  diminish  or  control  the  dis- 
charge of  air  from  an  aspirating  chimney  by  means  of  a  valve 
or  damper  of  any  kind,  the  damper  should  be  located  at  or 
near  the  top  of  the  stack  and  not  at  its  base.  When  the  air 
is  partly  shut  off  at  the  bottom,  the  current  passing  up  the 
stack  is  so  weak  that  it  is  liable  to  be  neutralized  or  reversed 
by  cold  contrary  currents  flowing  down  the  interior. 

The  method  of  checking  the  draft  by  admitting  cold  air 
into  the  flue  from  outdoors  is  not  to  be  recommended.  It 
cools  the  chimney  so  that  the  draft  becomes  very  uncertain, 
and  may  fail  alto<^ether  at  times. 

49.  If  the  building  is  a  high  one,  and  has  a  central  hnll 
with  stairways  running  to  the  top  story,  there  is  likely  to  be 
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a  strong  draft  up  the  stairs,  which  will  antagonize  the  draft  of 
the  aspirating  chimney.  The  only  way  to  obviate  this  trouble 
is  to  build  partitions  across  the  hall,  and  thus  cut  off  the 
upward  circulation.  

COWIi  VENTILATION 

50.  The  term  cowl  is  applied  in  a  general  way  to  all 
apparatus  or  fixtures  that  are  placed  over  the  top  of  ventila- 
ting flues,  chimneys,  etc.  to  aid  the  draft.  They  serve  to 
protect  the  ascending  current  of  hot  air  or  gases  within  the 
flue  from  the  influence  of  contrary  wind  currents,  that  might 
oppose  or  even  overbalance  and  reverse  the  direction  of  flow 
therein.  Cowls  also  serve  to  facilitate  the  escape  of  the  warm 
air  or  gases  into  the  area  of  lower  pressure,  which  always 
exists  on  the  leeward  side  of  the  ventilating  shaft  or  chim- 
ney while  the  wind  is  blowing.  The  principal  use  of  a 
cowl  is  to  prevent  the  wind  from  blowing  down  the  venti- 
lating shaft  or  chimney,  and  to  keep  out  the  rain  and  snow. 
A  properly  constructed  cowl  will  utilize  the  force  of  the  wind 
to  increase  the  draft,  but  it  operates  in  that  way  only  while 

the  wind  blows.  During  calm 
weather,  it  is  always  more  or 
less  of  an  obstruction.  All 
claims  that  a  cowl  of  any 
kind  will  aid  the  draft  in  still 
air  are  fallacious. 

Ventilation  is  most  needed 
when  the  atmosphere  is  still 
and  humid,  and  at  such 
times  a  cowl  is  not  only  use- 
less but  is  positively  detri- 
mental. Therefore,  cowls  should  be  used  only  in  places 
where  they  are  needed  to  prevent  back  drafts  or  blow- 
downs,  and  keep  out  rain  or  snow. 

51.  The  plain  cowl  E,  shown  in  Fig.  17,  protects  the  flue 
from  all  possible  blow-downs.  The  direction  of  the  wind 
currents  is  indicated  by  the  plain  arrows,  the  course  of  the 
foul   air   or   chimney  gases  being    indicated   by   feathered 
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Pig.  18 


arrows.  The  cone  serves  as  a  barrier  between  the  top  of 
the  rising  column  of  gases  and  the  current  of  wind  that 
may  be  blowing  crosswise 
or  downwards,  preventing 
any  considerable  inter- 
ference between  them. 
The  ascending  column  of 
foul  air  is  not  compelled 
to  lift  or  deflect  the  cur- 
rents of  wind,  as  it  must 
do  when  the  chimney  is 
uncovered.  The  diameter 
of  the  cone  should  be  from 
2  to  2i  times  that  of  the 
pipe  to  which  it  is  at- 
tached, and  the  distance 
from  the  edge  of  the  pipe  to  the  imder  surface  of  the  cone 
should  not  exceed  one-half  the  diameter  of  the  pipe. 

The  plain  cowl  may  be  improved  by  adding  to  it  a  deflect- 
ing collar,  as  shown  at  C  in  Fig.  18. 

52.  The  maximum  efficiency  of  the  cowl  may  be  attained 
by  combining  with  it  several  secondary  cones,  as  shown  at 
/^and  G  in  Fie- 19.     This  construction  is  quite  bulky,  and  it 

offers  considerable  resistance 
to  the  wind;  consequently,  the 
area  of   low   pressure  on   the 

\y^J^ — f N^>^^    "^  leeward  side  B  is  quite  large, 

>/y^  ^"^^~*^.V^  ^°^  ^^  pressure  is  correspond- 
ingly low.  The  passage  of 
the  foul  air  or  gases  out  of  the 
vent  shaft  or  chimney  into  the 
partial  vacuum  thus  formed  is 
very  easy  and  direct. 


Pio.  19 


53.  The  wind  may  be  util- 
ized to  drive  a  current  of  air 
downwards  in  a  pipe,  such  as  an  inlet  or  supply  pipe.  Fig.  20 
shows  an  arrangement  for  this  purpose.    The  pipe  is  provided 
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with  a  funnel  a  and  a  cone  b,  having  its  apex  downwards, 
A  part  of  the  wind  that  strikes  the  cone  will  be  deflected 
downwards  into  the  pipe,  as  shown  by  the  arrows.  There 
will  be  an  area  of  low  pressure  at  B,  and  a  part  of  the  con- 
tents of  the  pipe  will  escape  into  it  and  so  out  of  the  pipe, 
as  shown  by  the  dotted  arrow;  consequently,  some  of  the 
air  will  be  lost*  The  device  is 
called  an  lnauctlon»  or  blow- 
In*?,  cowl, 

54t  The  cowl  shown  in  Fig.  21 
is  composed  of  a  series  of  vanes  a^ 
set  at  an  angle  to  the  radius  of 
the  circle^  as  shown  in  the  cross- 
section.  They  are  attached  to 
two  collars,  b  and  c^  and  the  open- 
ings between  their  inner  edges 
afford  an  exit  for  the  foul  air 
or  chimney  gases.  The  plain 
arrows  show^  the  course  of  the 
wind  currents,  and  the  feathered 
arrows    show    how   the    vitiated 


Fro.  2D 
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air  or  chimney  gases  escape  into  the  area  of  low  pressure* 

The  wind  currents  are  deflected  advantageously  on  one 
side  only,  but  the  escaping  gases  are  protected  from  inter- 
ference to  a  considerable  extent. 
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Sometimes  this  apparatus  is  mounted  on  a  pivot,  or  a 
central  spindle,  and  is  allowed  to  rotate;  but  it  is  doubtful  if 
any  advantage  is  gained 
thereby. 

55.  Automatic 
cowls  are  commonly 
made  as  shown  in 
Fig.  22.  An  elbow  a, 
having  a  funnel  mouth 
b^  is  mounted  so  as  to 
turn  freely  on  a  central 
spindle  c,  as  shown. 
The  vane  v  catches  the 
wind,  and  operates  to 
keep  the  funnel  always 
turned  from  the  wind. 
This  device  for  aiding 
the  draft  of  vent  flues  and  chimneys  is  very  effective,  but 
it  is  difficult  to  maintain  in  good  working  order.  The  pivot 
corrodes  so  rapidly  that  the  elbow  is  apt  to  stick  fast  and  fail 
to  operate. 


Pig.  23 


This  apparatus  may  be  used  to  produce  a  downward  cur- 
rent, for  ventilating  purposes,  by  changing  the  vane  v  so  that 
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it  will  hold  the  funnel  toward  the  wind  instead  of   away 
from  it. 

66.  The  cowl  shown  in  Fig.  23  is  provided  with  a  blowing 
cone  a  that  causes  the  cowl  to  operate  as  an  ejector.  The 
wind  caught  by  the  cone  gathers  into  a  small  current  of  high 
velocity,  and  as  this  current  emerges  into  the  mouth  of  the 
elbow  or  tube  b  it  communicates  its  velocity  to  the  foul  air 
or  gases  at  the  top  of  the  shaft,  forcing  them  ahead  with  it, 
and  creating  a  partial  vacuum  around  the  cone.  The  foul  air 
or  gases  from  below  then  rushes  upwards  with  an  augmented 
velocity,  owing  to  the  increased  difference  of  pressure. 
This  apparatus  is  called  an  automatic  eduction  coipvl. 


VENTILATION  OF  DWELLINGS 


GENERAL.    REQUIREMENTS 

57.  The  number  of  people  occupying  an  ordinary  dwell- 
ing is  usually  quite  small,  while  the  area  of  windows  and 
other  cooling  surfaces  is  relatively  larger  than  in  any  other 
class  of  buildings.  Consequently  it  happens,  in  many  cases, 
that  the  volume  of  air  required  for  respiration  is  less  than 
that  needed  to  maintain  the  temperature. 

It  is  impracticable  to  ventilate  a  dwelling  in  a  proper  man- 
ner when  direct  heaters  of  any  kind  are  used  for  warming  it. 
The  heaters,  whether  stoves  or  radiators,  must  be  converted 
into  direct-indirect  or  indirect  apparatus;  and  the  foul  air 
must  be  vented  positively  and  continuously.  The  inlets  and 
outlets  of  each  room  must  be  so  placed  and  adjusted  that 
there  will  be  no  considerable  difference  of  temperature  in  any 
part  of  the  room.  These  results  can  be  attained  only  by 
employing  some  system  of  aspiration,  mechanical  ventilation 
being  assumed  to  be  impracticable  on  account  of  expense  of 
installation  and  maintenance.  Foul-air  ducts  of  suitable 
size,  and  having  sufficient  height  to  draw  well,  must  be  pro- 
vided; they  are,  in  fact,  indispensable.  These  ducts  should 
be  brought  tojjether  and  connected  into  a  good  chimney. 
The  smoke  pipe  from    the   kitchen    stove   or   the   heating 
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apparatus  should  extend  througfh  this  chimney  such  a  distance 
that  there  will  be  no  chance  of  having  a  poor  draft  for  the 
fire.  The  pipe  inside  of  the  chimney  should  be  made  of  cast 
iron,  to  withstand  corrosion,  and  it  should  be  braced  so  as 
to  stand  in  the  center  of  the  flue  rather  than  at  one  side.  It 
is  better  to  make  one  large  fine,  with  a  smoke  pipe  inside  of 
it,  than  to  build  a  pair  of  flues,  one  for  foul  air  and  the  other 
for  smoke.  In  all  but  the  smallest  dwellings,  two  such  foul- 
air  chimneys  should  be  provided,  one  taking  the  smoke  pipe 
from  the  kitchen  range,  and  the  other  from  the  furnace  or 
boiler.  This  permits  the  foul  air  to  be  disposed  of  with  a 
minimum  amount  of  piping.  The  doors  and  windows  should 
be  made  as  nearly  air-tight  as  possible,  so  that  cold  air  can- 
not enter  the  building  except  through  the  proper  channel, 
that  is,  through  the  heating  apparatus. 

58.  One  of  the  chief  difficulties  to  be  found  in  securing 
a  proper  distribution  of  warm  air  in  the  several  stories  of  a 
dwelling  is  the  draft  that  always  exists  to  a  greater  or  less 
extent  on  the  stairway.  An  upward  current  of  considerable 
force  prevails  there  at  all  times  while  the  heating  apparatus 
is  in  use,  and  if  there  is  any  way  of  escape  for  air  at  the  top; 
this  draft  will  be  so  strong  as  to  interfere  with  the  proper 
suction  of  the  foul-air  flues.  While  this  trouble  may  be 
avoided  by  enclosing  the  stairs  and  placing  doors  at  the  foot 
or  head,  this  remedy  is  usually  so  much  objected  to  that  it 
may  be  dismissed  as  impracticable. 

If  one  side  of  the  hall  or  stairway  consists  of  a  cold  outer 
wall,  it  will  be  difficult  to  warm  the  space  satisfactorily, 
especially  if  there  are  large  windows  in  ai>y  part  of  it.  There 
will  be  a  warm  up  draft  in  one  part  and  a  cold  down  draft 
in  another  part,  and  it  is  advisable  in  such  a  case  that  all 
rooms  opening  into  the  hall  be  shut  off  from  it  by  means  of 
doors.  Curtains  or  draperies  cannot  be  used  successfully  for 
this  purpose,  unless  they  are  made  extraordinarily  heavy  and 
tight — too  heavy,  in  fact,  to  be  desirable. 

If  the  hall  is  located  in  the  middle  of  the  building,  so  that 
it  is  warm  on  both  sides,  the  stairway  draft  may  be  utilized 
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to  operate  the  ventilating  system.  The  foul  air  may  then  be 
drawn  out  from  each  room  into  the  hall  through  the  space 
under  the  doors,  these  spaces  being  made  of  proper  size  to 
serve  as  foul-air  exits.  At  the  top  of  the  stairway,  the  air 
should  be  discharged  through  an  aspirating  shaft,  and  not 
through  a  skylight  or  ventilator.  The  draft  of  this  shaft 
should  be  made  as  positive  as  possible  by  conducting  the 
principal  smoke  pipe  through  it.  If  the  air  is  discharged 
through  the  skylight,  a  current  of  cold  air  is  likely  to  enter 
at  one  part  of  the  opening,  while  warm  air  flows  out  at 
another  J  thus,  the  cold  air  will  pass  down  the  stairs^  making 
very  unpleasant  drafts.  When  the  }iM  is  employed  in  this 
manner,  all  the  larger  rooms,  especially  those  on  the  first 
floor,  should  be  provided  with  additional  foul-air  outlets.  An 
open  fireplace  serves  excellently  for  this  purpose,  provided 
that  the  opening  into  the  chimney  is  not  too  large,  or  too  far 
above  the  floor.  A  fireplace  is  a  poor  contrivance  for  heat- 
ing purposes,  but  it  can  be  made  a  very  useful  assistant  to 
ventilation. 

59.  In  dining  rooms  and  parlors,  where  gas  burners  or 
oil  lamps  are  used  for  illumination,  it  is  a  good  plan  to 
enclose  the  lights  in  glass,  and  provide  them  with  a  special 
draft  tube  connected  to  the  foul-air  flue.  This  arrangement 
not  only  disposes  of  the  products  of  combustion,  but  it  will, 
if  properly  constructed,  add  considerably  to  the  brilliancy  of 
the  light.  It  also  furnishes  a  local  vent  that  serves  admir- 
ably to  clear  the  room  of  the  fumes  of  cigars,  etc. 

GO.     A  common  attempt  at  ventilating  sleeping  rooms  is 

to  provide  two  openings  into  the  hallway,  the  door  being 
raised  an  inch  or  more  above  the  floor,  and  the  transom 
being  opened  above  it.  This  method^  however,  is  inopera- 
tive, because  there  is  no  force  tending  to  drive  the  air  either 
way  through  these  openings.  If  any  fresh  air  reaches  the 
occupant  of  such  a  room,  it  will  be  by  leakage  through  or 
around  the  window.  If  the  window  is  open,  and  the  weather 
is  quiet,  the  air  from  the  hall  is  likely  to  pass  through  the 
room  and  escape  at  the  window,  thus  making  the  chamber  a 
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passag^eway  for  vitiated  air.  The  air  in  the  hallways  is 
rarely  good  enough  for  sleeping  rooms,  and,  as  a  general 
rule,  should  be  excluded. 

61.  The  bathroom  should  be  thoroughly  ventilated  and 
warmed.  As  usually  constructed  in  the  smaller  class  of 
dwellings,  the  bathroom  is  but  little  larger  than  a  closet; 
when  a  warm  bath  is  taken,  the  air  is  quickly  vitiated  to  a 
serious  degree  by  the  combined  effects  of  moisture,  heat, 
gas  burners,  and  respiration.  Where  no  positive  ventilation 
is  provided,  this  bad  air,  in  conjunction  with  a  warm  bath,  is 
very  exhausting. 

Bathrooms  should  never  be  warmed  by  any  device  that 
will  vitiate  the  air,  such  as  gas  or  oil  stoves,  or  water  heaters 
having  no  connection  to  the  chimney.  A  very  common 
method  of  warming,  and  at  the  same  time  the  worst  that  was 
ever  devised,  is  by  means  of  a  register  in  the  floor,  opening 
into  the  kitchen  or  other  warm  room  below.  This  converts 
the  bathroom  into  a  mere  foul-air  chamber  for  the  relief  of 
the  kitchen. 

62.  All  clothes  closets  should  be  ventilated,  especially 
those  that  receive  undergarments  or  soiled  clothing.  Dirty 
clothes  or  bags  containing  them  should  never  be  permitted 
in  the  same  closet  with  clean  ones.  The  openings  from 
these  closets  should  be  protected  with  fine  screens  to  keep 
out  moth  millers,  etc. 

63.  The  kitchen  and  laundry  should  be  ventilated  inde- 
pendently of  the  other  parts  of  the  house,  and  if  there  is  any 
door  opening  directly  from  them  into  the  hall  or  stairways, 
it  should  be  made  practically  air-tight;  otherwise,  the  odors  of 
cooking,  etc.  will  pervade  the  halls  and  upper  rooms.  The 
range  should  be  provided  with  a  hood  of  liberal  dimensions 
to  carry  off  the  hot  air  and  vapors.  The  vent  pipe  should 
connect  to  a  good  ventilating  flue;  if  this  is  not  prac- 
ticable, it  may  be  run  to  the  roof  independently.  Some- 
times it  is  necessary  to  provide  this  pipe  with  a  damper,  so 
that  it  may  be  closed  when  the  fire  is  low,  or  during  stormy 
weather. 
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64.  The  ventilation  of  the  cellar  is  a  matter  of  great 
importance  to  the  health  of  the  family,  yet  in  the  majority  of 
dwellings  no  provision  is  made  for  it,  and  it  is  not  even  sup- 
posed to  be  necessary.  The  cellar  is  usually  a  reservoir  of 
earth  gases  and  unwholesome  emanations  from  stored  veg- 
etables, coal,  etc.,  that  should  not  be  permitted  to  pass  into 
the  living  rooms.  The  necessary  ventilation  can  be  secured 
by  running  a  flue  from  the  highest  point  in  the  cellar,  usually 
the  top  of  the  stairway,  to  the  roof,  placing  it  in  some  interior 
wall  where  it  will  be  reasonably  warm.  The  proper  size  for 
this  flue  depends  on  the  character  of  the  cellar — whether  wet 
or  dry — and  the  nature  and  quantity  of  materials  stored  in  it. 
Ventilation  is  needed  most  when  the  place  is  both  warm  and 
moist,  because  fermentation  then  proceeds  with  the  greatest 
freedom,  and  molds  and  fungi  flourish  vigorously.  It  is  not 
advisable  to  merely  make  an  opening  into  one  of  the  chim- 
neys for  ventilating  purposes,  because  it  will  probably  spoil 
the  draft  of  the  stove  or  heating  apparatus  connected  to  it. 

The  presence  of  a  furnace  or  boiler  in  a  cellar  helps  to 
ventilate  it  by  passing  a  considerable  quantity  of  air  through 
the  fire  and  up  the  chimney.  The  quantity  of  air  thus 
removed,  however,  is  quite  insufficient  to  provide  adequate 
ventilation  unless  the  cellar  is  small,  very  clean,  and  unusu- 
ally dry.  It  should  be  noted  that  in  this  case  the  air  is  taken 
from  the  floor,  instead  of  near  the  ceiling  as  it  should  be. 

65,  The  first  floor  in  a  dwelling  should  be  made  gas- 
tight,  in  order  to  prevent  the  cellar  air  from  passing  through 
and  mingling  with  the  air  in  the  living  rooms.  This  is  best 
done  by  laying  the  floor  in  two  thicknesses,  with  a  thick 
layer  of  tarred  paper  between  them.  Ordinary  building  paper 
is  quite  inferior  to  the  tarred  material  for  this  purpose.  This 
floor  should  extend  to  the  outer  walls  of  the  building  and  be 
made  air-tight  around  the  edges,  so  that  no  air  can  possibly 
pass  from  the  cellar  into  the  spaces  between  the  studding  or 
furring  strips.  In  the  cheaper  class  of  frame  dwellings,  it  is 
a  common  practice  to  leave  these  spaces  open,  so  that  they 
form  flues  up  which  the  cellar  air  passes  to  the  attic  without 
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restriction.  The  ventilation  thus  afforded,  although  quite 
unintentional,  has  probably  saved  the  inmates  of  such  dwell- 
ings, in  a  multitude  of  cases,  from  the  sickening  effects  of 
bad  cellars  that  otherwise  would  have  been  deadly.  The 
existence  of  these  flues  or  passages  is  highly  objectionable 
on  another  account,  fiamely,  that  they  permit  heat  to  escape 
through  the  walls  with  undue  rapidity.  All  circulation  of  air 
within  them  should  be  prevented,  either  by  putting  in  tight 
horizontal  partitions  at  short  intervals,  or,  better  still,  by 
filling  the  spaces  with  mineral  wool  or  other  non-conducting 
materials.  Brick  and  mortar  are  not  desirable  for  this  pur- 
pose, because  they  absorb  a  great  deal  of  moisture  and  tend 
to  rot  the  woodwork.  

FIREPL.ACE    VENTILATION 

66.  The  open  fireplace  is  an  efficient  form  of  ventilating 
apparatus,  but  is  of  very  little  service  for  heating  purposes. 
It  passes  so  much  air  up  the  chimney  that  the  heat  radiated 
from  the  fire  is  quite  insufficient  to  warm  the  fresh  air  rush- 
ing into  the  room  to  take  its  place,  to  a  sufficient  degree  to 
be  comfortable.  It  is  impracticable  to  warm  rooms  satisfac- 
torily by  means  of  the  open  fireplace,  if  the  external  temper- 
ature is  much  below  32°.  When  the  thermometer  falls  to  10° 
or  lower,  it  appears  as  if  the  room  becomes  colder  the  more 
the  fire  is  made  up,  until  it  seems  as  though  the  inmates 
would  eventually  be  frozen.  In  some  cases,  fireplaces  are 
constructed  so  as  to  warm  the  fresh  air  before  entering  the 
room,  by  passing  it  through  a  heating  flue;  but  all  such 
arrangements  are  faulty  in  principle,  and  fail  to  render  the 
fireplace  effective  as  a  heating  apparatus.  The  fresh  air  is 
delivered  so  near  to  the  fireplace  that  it  passes  almost  imme- 
diately into  the  fire,  and  thus  leaves  the  more  remote  parts  of 
the  room  practically  as  cold  as  before.  The  ordinary  fireplace 
wastes  90  per  cent,  or  more  of  the  heat,  and  even  the  most 
improved  forms  are  believed*  to  waste  not  less  than  80  per 
cent,  of  the  heat  given  out  by  the  fuel.  It  is  obvious,  there- 
fore, that  their  use  is  restricted  to  purposes  of  ventilation 
only,  to  places  where  there  is  no  objection  to  expense,  and  to 
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localities  where  the  temperature  does  not  fall  below  tlie 
freezing  point.  They  may  be  employed  to  good  advaotagfe* 
however,  in  cold  climates,  by  using  them  as  auxiliaries  to 
the  principal  heating  apparatus,  fires  being  built  in  them 
only  when  the  weather  is  extremely  cold* 


8UMMEE    VEHTILATION 

67.  During  warm  weather,  when  the  heating  apparatus 
is  not  required,  a  building  can  be  abundantly  flushed  with  air 
by  opening  the  doors  and  windows.  It  is  necessary,  never* 
theless,  to  make  provision  for  proper  ventilation  during 
stormy  weather,  when  all  outer  doors  and  windows  must  be 
closed.  To  accomplish  this,  a  register  should  be  provided 
near  the  ceiling  of  each  room,  in  addition  to  that  near  the 
floor,  because  the  latter  is  practically  inoperative  at  this 
season  to  provide  for  the  escape  of  foul  air.  Top  or  ceiling 
registers  are  suitable  only  for  summer  use,  and  should  be 
tightly  closed  at  the  end  of  the  season  when  the  heating 
apparatus  is  started  up. 

Particular  attention  must  be  given  to  the  ventilation  of  the 
cellar.  Every  window  should  be  kept  open  continuously, 
and  the  outer  doors  should  never  be  closed  except  during 
storms.  Strict  cleanliness  should  be  enforced  at  all  points, 
and  the  air  should  be  kept  as  sweet  and  fresh  as  In  the  living 
rooms.  If  it  is  practicable  to  admit  sunlight,  it  should 
always  be  done. 

The  arrangemetits  usually  employed  to  shut  out  the  eitcess 
of  sunlight  from  living  rooms  and  chambers  are  fatal  to 
good  ventilation*  Draped  curtains  are  usually  bung  so  high 
and  so  close  to  the  casings  that  they  prevent  the  flow  of  air 
either  way  through  the  upper  half  of  the  window^  The 
rolled  curtains  or  shades,  as  commonly  applied,  are  equally 
obstructive.  All  such  curtains  should  be  hung  so  that  there 
will  be  a  clear  space  of  li  or  2  inches  above  the  roller,  for 
the  passage  of  air.  The  top  sash  being  lowered,  the  curtain 
can  then  be  pulled  down  to  the  bottom  without  shutting  off 
the  air  supply. 
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In  applying  screens  of  wire  cloth  or  mosquito  netting,  to 
keep  out  insects,  etc.,  it  should  be  borne  in  mind  that  the 
flow  of  air  through  those  materials  is  only  about  one-fourth 
of  that  through  a  clear  space  of  equal  area. 


EXAMPLE    OF    RESIDENCE    VENTILATION 

68.     Figs.  24  to  28  show  the  arrangement  of  flues  and 
apparatus  for  ventilating  and  heating  a  suburban  residence 
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of  moderate  size.  The  ventilation  is  effected  by  an  aspirating 
chimney,  and  the  heating  is  performed  by  indirect  hot-water 
apparatus. 


50 


PRINCIPLES  OF  VENTILATION 


§29 


The  aspirating  chimney  a,  Fig:s.  25  to  28,  is  25  inches 
square  inside,  and  the  draft  is  aided  by  a  10-inch  smoke  pipe 
that  passes  up  through  it  from  the  boiler.  Another  aspi- 
rating chimney  by  Figs.  25  to  28,  is  provided  in  the  kitchen 
for  the  use  of  the  rear  part  of  the  house.  This  latter  chim- 
ney is  made  18  inches  square,  and  the  smoke  pipe  within  it 
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is  8  inches  in  diameter.  The  water  closets  are  local-vented 
by  this  chimney  instead  of  the  other,  so  that  effective  venti- 
lation may  be  had  at  all  seasons  of  the  year.  Figs.  24  and  25 
are  both  basement  plans,  one  showing  the  radiator  stacks  / 
and  hot-water  piping,  and   the  other  showing  the  cold-air 
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ducts  k  and  the  main  foul-air  flues  that  discharge  into  the 
central  chimney.  The  flow  pipes  are  shown  in  solid  lines, 
while  the  returns*  are .  indicated  by  dotted  lines.  The  boiler 
is  shown  at  Cy  Fig.  24.    The  cold  air  enters  through  windows 


Pig.  26 


at  d,  e,  and  /,  Fig.  25,  the  last  named  being  for  the  radiators 
in  the  rear.  It  then  enters  the  casings  of  the  indirect  stacks 
on  their  under  side,  passes  up  between  the  radiator  sur- 
faces, and  flows  into  the  several  rooms  through  the  hot-air 
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flues  j,j.  Figs.  24  and  25,  that  are  built  in  the  walls.  All 
the  foul-air  ducts  from  the  rooms  on  the  first  and  second 
floors  are  led  downwards  to  the  basement,  where  they  con- 
nect with  the  main  flues  ^,^,  Fig.  25.      On  the  third  floor, 
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however,  they  discharge  directly  into  the  chimney,  as  shown 
in  Fig.  28.  All  the  hot-air  inlets  are  located  about  6  inches 
below  the  ceiling,  and  the  foul-air  outlets  are  placed  on  the 
opposite  side  of  the  room,  just  above  the  baseboard.     It  will 
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be  noted  that  the  warm-air  registers  are  located  in  cold  outer 
walls,  while  the  foul-air  ducts  are  run  only  in  warm  interior 
walls.  

UNSANITARY    DRY-CL.OSBT    ARRANGEMENT 

69.  The  problem  of  disposing  of  the  sewage  matter 
from  schoolhouses  is  sometimes  a  difficult  one,  especially 
where  no  water  supply 
is  available  for  water 
closets.  A  system  de- 
signed to  meet  the  re- 
quirements of  such 
cases  has  within  recent 
years  been  introduced 
under  the  name  of  the 
dry-closet  systein. 
This  should  not  be  con- 
founded with  the  well- 
known  d^rv-t'^i;///  system, 
which  is  quite  unobjec- 
tionable on  sanitary 
grounds.  This  dry- 
closet  system  is  oper- 
ated by  an  aspirating 
chimney,  frequently 
the  same  one  that 
serves  to  convey  the 
foul  air  from  the  school- 
rooms. The  closet 
seats  are  located  in  the 
roof  of  a  tunnel  leading 
to  the  chimney,  and 
each  seat  is  provided 
with  a  cover  intended 
to  be  kept  closed  when 
not  in  use.  The  lifjuids  are  sometimes  drained  off,  but  the 
solid  matter  remains  on  the  floor  of  the  tunnel,  and  is  grad- 
ually dried  by  the  current  of  air  that  passes  over  it  to  the 
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chimney.     At  the  end  of  the  school  term,  the  deposits  are 
saturated  with  kerosene  and  then  destroyed  by  fire. 

The  foul  air  from  the  schoolrooms  is  drawn  directly  through 
the  tunnel;  consequently,  whenever  a  blow-down  occurs,  not 
only  is  the  foul  air  driven  back  into  the  rooms,  but  the  nox- 
ious odor  of  the  tunnel  is  carried  back  with  it. 

As  drying  and  evaporation  can  take  place  only  by  absorb- 
ing heat  from  the  air-current,  it  is  evident  that  the  tempera- 
ture of  the  foul  air  will  be  lowered  somewhat,  and  th^  draft 
of  the  chimney  will  be  correspondingly  weakened.  Some- 
times a  small  grate  fire  is  maintained  at  the  entrance  to  the 
tunnel  or  the  base  of  the  chimney,  to  maintain  the  draft  in 
mild  or  warm  weather,  when  the  heating  apparatus  is  not 
in  use. 

In  some  cases,  a  separate  chimney  is  provided  for  the  dry 
closet,  and  the  air  is  taken  only  from  the  room  containing 
the  apparatus.  The  result  of  a  blow-down,  however,  is  the 
same  as  in  the  previous  case,  except  that  the  communication 
with  the  interior  room  is  a  little  less  direct. 

The  seats  in  these  dry  closets  are  always  at  a  higher  level 
than  the  inlet  for  air;  consequently,  the  foul  air  in  the  tunnel 
always  tends  to  flow  into  the  room  whenever  a  cover  is  raised. 
Usually  the  chimney  draft  is  sufficient  to  counteract  this  tend- 
ency and  prevent  any  outflow,  so  long  as  only  one  or  two 
covers  are  opened;  but  when  all  the  seats  are  in  use  at  the 
same  time,  as  often  happens  at  recess  and  other  occasions, 
the  draft  is  wholly  inadequate.  It  is  then  found  that  while 
air  flows  inwards  at  a  few  of  the  seats  nearest  the  chimney, 
the  vile  tunnel  air  flows  out  unchecked  at  the  others. 

Another  very  serious  objection  to  this  system  is  that  much 
of  the  fecal  matter  is  reduced,  by  drying,  to  the  condition 
of  dust,  and  is  carried  up  the  chimney.  If  this  matter 
happens  to  be  infested  with  the  germs  of  contagious  dis- 
eases, these  also  are  dried  and  projected  into  the  atmos- 
phere. In  fact,  matter  is  thus  carried  into  the  air  that  should 
go  into  the  earth.  All  dust  eventually  descends  to  the  level 
at  which  people  breathe;  thus,  the  effect  of  this  apparatus  is 
to  disseminate  filth  and  disease  germs  broadcast  over  the 
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surrounding  country.  The  dry-earth  system,  in  which  all 
fecal  matter  is  mixed  with  dry  absorbent  materials,  is  free 
from  all  such  objections. 

The  dry-closet  system  of  heating  and  ventilating  school- 
houses  is  one  of  the  worst  disease  breeders  that  can  be 
devised  in  schoolhouse  construction. 

If  dry  closets  must  be  used,  they  should  be  located  out- 
side of  the  main  building  and  be  ventilated  separately. 


SCHOOIiHOUSE    VENTILATION 

70.  Modem  schoolhouse  requirements  are  briefly  stated 
in  the  following  form  of  a  bill,  or  act,  providing  for  the  heat- 
ing, lighting,  and  ventilating  of  public  schoolhouses,  prepared 
by  the  Committee  on  School  Legislation,  consisting  of  one 
member  from  each  state  and  territory  of  the  United  States, 
appointed  by  the  Department  of  School  Administration  of  the 
National  Educational  Association,  and  adopted  at  its  Minne- 
apolis meeting  of  July  11,  1902: 

Sec.  1.  It  shall  hereafter  be  unlawful  to  let  any  contract 
for  or  to  construct  any  public  schoolhouse,  or  other  building, 
to  be  thereafter  used  for  school  purposes,  the  lighting,  heat- 
ing, and  ventilation  of  which  is  not  in  full  accord  with  the 
provisions  of  this  act. 

Sec.  2.  All  public  school  buildings  hereafter  constructed 
or  remodeled  for  school  purposes,  must  be  lighted  by  win- 
dows placed  in  one  rear  or  side  wall  of  each  class  and  study 
room,  and  such  windows  shall  contain  glass  surface  of  not 
less  than  one-fifth  of  the  floor  space  of  each  room;  and  all 
desks  and  seats  shall  be  so  arranged  that  the  windows  will 
be  on  the  left,  or  in  the  rear,  so  far  as  possible,  of  the  pupils. 

Sec.  3.  All  class  and  study  rooms  shall  contain  not  less 
than  15  square  feet  of  floor  space  and  not  less  than  180  cubic 
feet  of  air  space  for  each  pupil. 

Sec.  4.  All  public  schoolhouses  or  school  buildings  of 
more  than  three  rooms  each,  which  shall  hereafter  be  con- 
structed, or  remodeled  for  school  purposes,  must  be  provided 
with  such  heating  and  ventilating  apparatus  as  will  facilitate 
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the  introduction  of  warm  air,  when  occasion  requires,  into 
each  class  or  study  room,  not  less  than  8  feet  above  the  floor 
line,  with  provision  for  the  exit  of  impure  air  at  the  floor  line; 
and  the  whole  shall  be  so  arranged  that  the  required  temper- 
ature of  70°  can  be  maintained  throughout  each  room  even 
in  the  coldest  weather,  and  the  air  changed  in  each  room 
(combined  average  measured  at  inlet  and  exit  openings)  at 
least  eight  times  in  each  hour  without  lowering  the  tem- 
perature or  creating  a  noticeable  draft  at  or  below  the 
breathing  line. 

Sec.  5.  All  closets  and  urinals  must  be  so  constructed  as 
to  provide  for  the  absolute  seclusion  of  the  pupil  using  the 
same.  They  must  also  be  provided  with  vent  flues,  so 
arranged  that  all  foul  odors  and  air  will  be  carried  out  below 
breathing  line. 

Sec.  6.  Any  contract  for  the  construction  or  remodeling 
of  any  school  building,  not  in  conformity  with  the  require- 
ments of  this  act,  shall  be  void;  and  any  public  school  officer 
or  contractor,  who  shall  violate  the  terms  and  conditions  of 
this  act,  by  letting  or  accepting  any  contract  for  the  construc- 
tion or  remodeling  of  any  public  schoolhouse  or  school  build- 
ing, not  in  conformity  with  this  act,  shall  be  deemed  guilty 
of  a  misdemeanor,  and  shall  be  subject  to  a  fine  of  not  less 
than  two  hundred  dollars,  nor  more  than  one  thousand  dol- 
lars for  each  offense. 
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